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AMERICAN SOCIETY OF NAVAL ENGINEERS 


First of all it is my pleasant duty to thank you, Mr. President, 
and the members of the Council, for asking me to have dinner 
with you here in Washington on the occasion of your Annual 
Banquet, and giving me the great privilege of meeting personally 
and addressing the many members of your Society who are 
present tonight. 


In his letter of invitation, Admiral Lonnquest referred to the 
primary aim of the Society as being the advancement of the art, 
science and practice of Naval Engineering, a subject of principal 
interest to the shipbuilding industry, and, in turn to those indus- 
tries supplying the basic materials and the components that make 
up our ships. He also referred to the significant relationships 
between Canada and the United States, in these days of interna- 
tional stress. 


Taking that as my cue, I think that I shall not be far off the 
beam if, tonight, I restrict myself to a review of industrial devel- 
opment in Canada generally, with special emphasis on the develop- 
ment of those industries directly concerned in the production of 
ships of war and their equipment, and attempt to relate the effect 
of this development to the Canadian industrial capacity for the 
support of maritime warfare. I shall follow on from there, with 
some observations on the current program and objectives of the 
Royal Canadian Navy, and throw in for good measure a few of 
my own views on how we are getting on up there. 


First of all, what have we got to work with. What basic re- 
sources and materials are available to us as a supporting back- 
ground for industrial development and production, a background 
which is so particularly important in time of war? 


There is little doubt that the farther one gets away from 
Canada, the greater is the conception that Canada is a land con- 
sisting largely of forests and streams, of prairies, ice and snow, 
Indians and Eskimoes, and of course the Royal Canadian Mounted 
Police. Far be it from me to disabuse that conception too much, 
because I am told that it is a humdinger for the tourist business. 
Apparently we make a lot of dollars that way. 


In any event it is, in many respects, true. Canada has been in 
the past and still is, one of the major granaries and stock raising 
centers of the world. In wheat we are the world’s third largest 
producer, being second only to the United States and Soviet Russia 
—our actual production being a little below half of your actual 
production, which as far as we know approximates that of the 
USSR. Similarly, in forestry and forest products, Canada has a 
predominant position in the world production picture—both actual 
and potential. In accessible productive forest areas, and exclud- 
ing the USSR, Canada is in third place to the United States and 
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Brazil—our accessible areas being roughly two-thirds of yours and 
four-fifths of Brazil’s. In actual production, Canada is a close 
second to the United States in pulpwood, with Scandinavia in 
third place. In newsprint, Canada leads with 60% of world pro- 
duction, followed by the United States and Scandinavia with 
about 11% each. I would like to interject here, from my personal 
experience I can vouch that there is no paper shortage, at least 
in the Ottawa area. 


And so we see that the embryo tourist conception is not too far 
out of line, and that Canada is indeed one of the world’s giants 
in Agricultural and Forestry production. I forgot to add that, 
needless to say, we also have a complete corner on the market in 
the case of the Royal Canadian Mounted Police. 


However, the view presented to our embryo tourist is far from 
complete and ignores a major transformation which has taken 
place in our national economy from one of agriculture to one of 
industry. 


To illustrate my point—before the last war, even as late as 
1939, more persons earned their living from Agriculture than 
from any other single occupation. In fact, there were approxi- 
mately double the numbers employed in agriculture than in manu- 
facturing, and about one agricultural worker for every one in 
conventional industry as a whole. Today, the numbers employed 
in manufacturing exceed those engaged in agriculture and the 
agricultural worker is outnumbered by the industrial worker as 
a whole by more than two to one. Incidentally, although during 
this period our agricultural employment has fallen off by some 
25%, the actual agricultural output has increased—which I pre- 
sume reflects the effect of industrialization on agriculture itself. 


Now this is an astonishing transformation to take place in the 
relatively short period of 12 years. Undoubtedly, the largest 
single reason behind it all was the Second World War which 
demonstrated so clearly that modern warfare can only be as 
effective as the strength of the industrial effort behind it. The 
requirement was there, not only for our own Armed Forces, but 
for our Allies as well. It simply had to be met. 


Let us, therefore, for the moment, forget about Canada as a 
land of forests and streams, of hunting, fishing, trapping, and of 
agriculture, important as they may be in our way of life. Let us 
instead look at the new Canada—Industrial Canada—with the 
respect due to the new leader in our economic life, and one who 
has proven its fitness for that leadership in no uncertain terms. 


There is no doubt that the most spectacular of all industrial 
development has taken place in the Mining Industry. From the 
wave of exploration and development which followed the dis- 
covery of silver in the Cobalt area of Northern Ontario during 
the construction of the Timiskaming and Northern Ontario Rail- 
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way in 1903, and the further major impetus arising from the dis- 
covery of gold and base metals in the Noranda area of western 
Quebec, Canada’s production has advanced to the state where we 
are now the world’s largest producer of nickel, to the tune of some 
95% of world production, of asbestos with 80%, and of the 
platinum metals. We are second in world production, to the 
United States, in aluminum (although from bauxite imported 
from South America), second to the United States in zinc ; second 
to South Africa in gold; second in cadmium, selenium—the 
largest plant in the world is at Montreal—and probably second in 
radium and uranium, and fourth in copper and lead. 


T would like to stress the importance of the non-ferrous metals, 
not only in relation to the mining industry as a whole, but also 
to the industries more immediately concerned with the production 
of defense equipment. Last year the total value of mineral output 
in Canada exceeded one billion dollars. Of this, smelters and non- 
ferrous refineries processed non-ferrous metals worth about half 
a billion dollars. This production, which was three times the value 
of the gold mined during the year, placed the non-ferrous smelting 
and refining industry third among the manufacturing industries, 
exceeded only by pulp and paper and meat packing. Canada has 
also been the world’s leading exporter of non-ferrous metals for 
over ten years. The position, therefore, of the industry in the 
general scene, cannot be denied. What is more important, from 
a North American outlook, is the fact that important discoveries 
of new ore bodies are still going on—and the erection of smelting 
and refining facilities has not even kept pace with the discovery of 
new ore bodies—which justify the conclusion that Canadian min- 
ing developments in the field of non-ferrous metals are far from 
becoming static. In the United States, I am told, the picture is 
somewhat different—that very few new discoveries have been 
made since 1910, and that reliance must be placed in an increas- 
ing degree upon imports. Let no one, therefore, underrate the 
actual potential significance of the Canadian non-ferrous metal 
industry. 


Now let me turn to iron ore, the essential background for prac- 
tically all industry and in particular for defense industries. I 
think that the best way to describe what is happening in the extrac- 
tion part of the industry, is to state that prior to the Second 
World War our output never exceeded 500,000 tons a year—a 
mere drop in the bucket and far short of our requirements. 
Compare this with our current production of over 4 million tons 
and a planned production of probably 15 million tons per year in 
1956, and 25 million tons per year in 1960. 


Also it is probable that this year, for the first time in our his- 
tory, we will be a net exporter of iron ore, and in ten years, one 
of the world’s leading producers; possibly ranking third behind 
the United States whose annual production rate, I understand, is 
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fairly steady at about 100 million tons, and Soviet Russia with 
an estimated output of about 40 million tons. Why is this pos- 
sible? For three main reasons. Firstly, the discovery and produc- 
tive development of high grade haematite ore at Steep Rock Lake 
in Ontario at the beginning of the war where, it is becoming 
increasingly apparent, lies one of the Western Hemisphere’s 
largest remaining deposits of high grade ore. Known reserves 
have been estimated at 200 million tons, but responsible authorities 
have estimated that one billion tons may ultimately be mined 
there. Secondly, preparation for the development of fabulous 
quantities of high grade ore in the Quebec-Labrador boundary 
area, where known reserves are estimated at 500 million tons. 
However, as active exploration has only been under way for about 
four years, only a small proportion of the region’s iron-bearing 
rocks has been investigated and no one can yet assess with any 
accuracy the ultimate possibilities. Railway construction from 
Seven Islands on the St. Lawrence to the area is proceeding 
rapidly and a large proportion of the 360 miles involved will be 
completed this year, and mining of the more accessible ore bodies 
started in 1954. Thirdly, the discovery at Allard Lake, Quebec, 
and only 27 miles from the St. Lawrence of the world’s largest 
known deposit of ilmenite or titanium-bearing iron ore. Reserves 
are estimated at 200 million tons and by 1953, production capacity 
will reach an annual rate of half a million tons. At Sorel, Quebec, 
some 40 miles east of Montreal, the largest titanium plant in the 
world is being erected where the ilmenite is smelted into its 
titanium ore and pig iron content. 


So—what a change from the pre-war picture in Iron Ore. From 
practically no production and no planned development to the posi- 
tion which I have just described. It is indeed an encouraging 
outlook for the future and for the production of steel for defense 
industries. 


No reference to Mines and Minerals in Canada is complete 
without mentioning oil. In the short space of five years, the 
Canadian oil outlook has been completely transformed. For many 
years Canadian fields supplied less than 10% of the nation’s 
crude oil requirements. Then in February, 1947, a well at Leduc 
in Alberta, blew in, and the lid was literally off. Developments 
which have taken place in Canada since that time, have been 
without parallel in Canadian experience, and millions of acres 
have been placed under permit or lease. Production has increased 
threefold and existing wells are now ‘capable of producing nearly 
50% of the nation’s petroleum requirements. Even allowing for 
increasing consumption, it is confidently expected that we shall 
be self-sufficient by 1960. Proven reserves have risen from 70 
million to 1% billion barrels, and potential reserves have been 
estimated as exceeding 20 billion barrels. This, however, is only 
part of the story. Recent promising developments at the Alberta 
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Government separation plant at Bitumount in the McMurray 
area of northeastern Alberta, indicate the early commercial 
feasibility of extracting petroleum products from bituminous 
sand deposits. These tar sands contain the greatest known oil 
reserves in the world—being assessed by Canadian Geologists at 
100 billion barrels and by the U. S. Bureau of Mines at 250 
billion barrels. I think you will agree, therefore, that when I 
used the word “spectacular” in connection with recent develop- 
ments in our mining industry, it was possibly an understatement. 


Now let me get down to earth a bit. It is all very well having 
at hand these vast quantities of iron ore, non-ferrous metals and 
oil—but, by themselves, they do not build ships, weapons and 
materiel of war. Are we capable of moulding our vast natural 
resources into actual fighting equipment? Perhaps the best way to 
tackle that one is to describe briefly what are the future prospects 
for production in four industrial fields, which, when taken to- 
gether, cover broadly the essential requirements for the construc- 
tion and outfitting of a complete war vessel. I refer to shipbuild- 
ing, machinery, armament and electronics. 


During the half century between 1840 and 1890, Canada owned 
and operated a vast fleet of merchant ships, with which she cap- 
tured more than her share of the world’s carrying trade. In 1878 
for instance, we ranked fourth among the ship owning and build- 
ing countries of the world, with more than 7,000 ships on the 
high seas. To interject a personal note, my paternal grandfather 
owned and sailed his own ships out of Saint John, New Brunswick, 
all over the world’s trade routes. Those were the days of wooden 
ships and iron men which were a natural outcome of the ready 
availability of great virgin timber forests on the very shores of 
our Atlantic harbors. Such timber was particularly suitable for 
masts and yards, and apart from our own requirements, a large 
proportion of the masts and yards for the Royal Navy were 
supplied from the forests of our eastern maritime shores. With 
the coming of iron and steel ships, however, those happy days were 
over and shipbuilding in Canada suffered almost complete paraly- 
sis until the Second World War, with the exception of a brief 
period of resurgence during World War I. Shipyards were main- 
tained, therefore, largely for ship repairs and the total number of 
persons employed were in the neighborhood of only three or four 
thousand. How did our shipbuilders respond on the outbreak of 
the Second World War to the demand for more and more ships— 
both Naval and Merchantmen? Listen to this. This is what was 
produced. For our own and allied Navies, 4 Fleet Destroyers (not 
quite completed by the end of the War), 122 Corvettes, 122 Mine- 
sweepers, 70 Frigates, 16 Trawler Type Minesweepers, 26 Trans- 
port Ferries, over 3,000 Landing Craft, 250 Tugs, over 4,000 
Smaller Craft, and 3 Armed Merchant Cruisers by major conver- 
sion. For the Merchant Fleet :—320 Ten-thousand-ton Cargo 
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Ships, 13 Ten-thousand-ton Tankers, 43 forty-seven-hundred-ton 
cargo ships, 6 Thirty-six-hundred-ton Tankers, and 16 Mainte- 
nance Ships. Now this could almost be termed a miracle of 
achievement. Not only did the shipbuilders expand their employ- 
ment from about 3,500 to 75,000, but in so doing they built, 
among other things, the ships which allowed our Permanent 
Force and Reserve Navy to expand from a total of 366 Officers 
and 3,477 Men to the wartime strength of almost 100,000, and 
whose efforts in no small measure contributed to ultimate victory 
over the enemy submarine in the Battle of the Atlantic. It was 
a mighty close call, though, and for the second time in 25 years, 
it was clearly shown—the hard way—that to be unprepared to 
meet in the early stages of a modern war, the offensive power of 
enemy submarines is to court nothing short of complete disaster. 
It was shown clearly, not only must competent anti-submarine 
forces be in being at the outbreak of hostilities, but also there 
must have been developed beforehand the tools and techniques 
in industry for production of efficient anti-submarine forces in 
volume with the least possible delay. 


What does that mean in the light of the scale of submarine 
attack which might be expected today. What does it mean when 
we compare the havoc wrought by the German’s submarine 
force, consisting initially of some 50-60 submarines, with the 
potential inherent in the existing Soviet fleet now built or building 
of perhaps some 500 submarines and a possibly even larger target 
fleet. What does it mean in the light of the development of the 
modern high speed true submarine. Among other factors it means 
this :—It means the production of an A/S escort which, compared 
with the corvette of the last war, is rather like comparing a high 
powered automatic rifle with a bow and arrow. It means that 
apart from an infinitely improved type of ship, we have to be 
able to produce more of them—sooner. 


It was, therefore, a source of great satisfaction to us in the 
RCN, when our Government in 1949, approved the construction 
of three prototype first class A/S escorts—an order which has 
since been increased to 14. Particularly satisfactory to us, I think, 
because it was the first post-war order placed by any of the war- 
time allied Governments for ships of this type, which were to 
embody the results of experience gained in war with our assess- 
ment of new characteristics required to compete with latest sub- 
marine developments. Particularly satisfactory to us also because 
of official recognition at all levels that the tooling and training of 
industry for the production of modern, fully-equipped A/S escorts 
takes time, and that it would not be good enough to wait until 
hostilities are upon us before undertaking this task. Particularly 
satisfactory to us also, because we were thus given the opportunity, 
not only of adding 14 of the most modern A/S escorts to our 
peacetime force, but also of possibly even greater importance, of 
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intelligent and orderly planning for the production of these ships 
rapidly and in volume, if and when the necessity arises. 


We are, I like to feel, making the best of our opportunities on 
both of these counts. While any detailed description of the char- 
acteristics of our A/S escort is obviously out of place on this 
particular occasion, I can best describe her generally as being the 
smallest vessel which, in our opinion, is capable of maintaining 
fighting efficiency against the most modern and immediately fore- 
seeable submarine, under the weather conditions which prevail in 
the North Atlantic. This means, essentially, that we have con- 
centrated on good seakeeping qualities at high speeds in tough 
weather. Particular attention has been given to anti-ice formation 
characteristics, and any seaman will be impressed by the absence 
of redundant equipment on the weather decks. The propulsion 
machinery is basically of British design, and although the first 
set of main machinery will be supplied from England, subsequent 
sets will be of Canadian manufacture and to North American 
Industrial Engineering standards and practices. The conversion 
from British to North American standards and production tech- 
niques, has been in many ways quite a headache—but that par- 
ticular hurdle is now pretty well licked. Incidentally, our main 
machinery manufacturers have done an exceptionally fine job, 
and we expect that the first all-Canadian set will be delivered only 
about two months after the initial English one, which takes place 
in a few weeks time. At one time, we were subject to a certain 
amount of criticism for selecting an English design because of 
the difficulties involved in manufacturing to North American 
standards. The answer to such criticism was that this particular 
design was evolved specifically for the function which these ships 
will be expected to fulfill. Furthermore, the design was immedi- 
ately available. As no other design of comparable characteristics 
and performance was even on the drawing boards elsewhere, I 
am sure that by our selection we saved at least 2 years in over-all 
production time. 


In the case of Armament, Fire Control and Electronic Equip- 
ment, the general trend has been, depending on the lead time for 
Canadian tooling and production, to purchase initial supplies out- 
side Canada, in order to get the first ship completed within a 
reasonable time limit,—concurrently, however, with the establish- 
ing of our own production facilities in practically all cases. I 
would like to dwell, for a moment, on the latter angle. 


Always with the object in mind of ensuring capacity for volume 
production in war, many steps have been taken which would not 
have been taken if our object had been restricted to production 
requirements only of the present program. We have established 
a specific target production rate for Canadian wartime require- 
ments, and we have made great headway towards attaining it— 
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not, of course, without appreciable additional costs to the current 
program. 


For example, the shipbuilding contracts were awarded to all 
shipbuilders who are earmarked for that particular job in time 
of war, in order that snags may be ironed out by all concerned 
now, rather than later. A system of prefabricated unit construc- 
tion has also been evolved which undoubtedly has added to the 
current initial production time and costs, but helps assure volume 
production, if and when it is required. I am satisfied that we will 
have little difficulty in attaining our target production rate of 
hulls. Probably the greatest strides are being taken in the estab- 
lishment of the target machinery production rate. You will recall 
that the construction of only four destroyers was undertaken dur- 
ing the war and that these were in fact not completed by the end 
of the war. This was a major task insofar as the manufacture of 
propulsion machinery was concerned, but it was accomplished 
and accomplished successfully, and the experience gained has been 
of immeasurable value to our new program. However, in the case 
of the 4 wartime destroyers, a good many components of auxiliary 
machinery were obtained from England, and the crucial gearing 
component of the main propulsion units from the United States. 
This time in the case of our escorts, we have decided that every- 
thing should be produced in Canada, and a potential production 
rate established to meet our target figure. This has meant, in the 
case of gearing alone, the erection of what will be probably the 
finest hardened and ground gearing plants, not only in North 
America, but in the world, as an addition to the plant of one 
Canadian engineering company. This is almost complete. It 
means the extension of the main machinery manufacturer’s plant 
to the required production rate capacity. This is well in hand. 
It means the addition of a 7,000-ton forging press at the plant 
undertaking the forging of our highly stressed rotor forgings. 
It means many other detailed features on the same pattern, all of 
which add up to a noteworthy addition to Canadian Industrial 
production capacity, and all to a target plan as far as the Navy 
is concerned. 


Turning to electrics and electronics, we find that here we have 
the fastest growing manufacturing industry in Canada, and one 
which has grown no less than ten-fold since 1939. Prior to the 
Second World War, the industry concentrated its efforts almost 
solely on the production of broadcast receivers—apart from a 
small volume of communications equipment, the total production 
being valued at approximately $10 million annually. By 1944, 
the industry was producing electronic equipment valued at nearly 
$200 million annuallv. and had been responsible for the implementa- 
tion of mass production techniques on many types of radar 
equipment. By 1950. the industry had developed its manufactur- 
ing facilities to the extent that all major or large volume items 


10 


| 


embodied in electronic or radio apparatus were made in Canada 
with a varying degree of imported content. Many new firms, both 
from the United Kingdom and the United States, have established 
facilities in Canada during the past 6 years, to supplement even 
further our wartime facilities and know-how. This factor, to- 
gether with the still expanding activities of our established indus- 
tries, means that we are producing more highly developed equip- 
ment and sub-assemblies than ever before. 


A typical and interesting example is the field of television where 
Canadian manufacturers are actually selling production parts to 
the United States. This year, in all, about 40% of the industry’s 
capacity will be allocated to the production of defense equipment. 


That it has been possible thus to expand in this field is, I am 
certain, due in no small degree to the extremely close link which 
prevails betwen the large Canadian companies and their parent 
organizations in the United States. I think I might say, therefore, 
that we have every confidence in our Electronics Industry. They 
have proven not only their willingness, but their ability to tackle 
successfully everything that we can throw at them. 


Now, a word about armament and ammunition. During the 
last war, Canada produced vast quantities of materiel in these 
categories—the majority destined for our Allies, rather than for 
the requirements of our own Services, several key production 
facilities being established for the purpose in addition to the 
facilities which were made available by conversion of normal 
industrial capacity. 


At the end of the war, and with the cut off in demand for such 
highly specialized material, the problem arose—what to do with 
these plants and their equipment. The decision was made by our 
Government, not to dispose of them, but to place them under the 
custodianship of a Crown Company, that is to say, a Government 
owned Company, to be called Canadian Arsenals Limited. In addi- 
tion to maintaining custody of selected key facilities in the arma- 
ment and ammunition field, Canadian Arsenals were charged with 
the responsibility of keeping abreast of new production techniques, 
and procedures, and act as a nucleus from which expansion and 
production of new weapons and equipment could be activated with 
the least possible delay. They were also allowed to get on with 
any production orders which came their way, not as a competitor 
of industry, but rather as the filler of a breech in Industry’s will- 
ingness or ability to fulfill a requirement. Therefore, we have 
maintained really significant facilities in the field of guns, elec- 
tronics, instruments, shells, ammunition filling, explosives and 
small arms. As a matter of fact, not only have we maintained 
them but, also, operations, particularly recently, have been ex- 
tremely active, and our turnover has been in the order of many 
millions of dollars annually. I use the word “we,” in a personal 
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sense, because along with certain well known industrialists, the 
three chiefs of the technical branches of the Navy, Army and Air 
Force, are members of the Board of Directors. 


Well, Gentlemen, I have tried to give you a broad picture of 
our Canadian industrial capacity and potentiality, a potential 
which, if the pattern of the last war is followed, in another 
period of hostilities will supply $7 of its production of defense 
material to Allies for every $3 supplied to Canada’s own Armed 
Forces. It is extremely important to remember that fact—that 
Canada’s war production will probably be serving the require- 
ments of our allies more than the requirements of our own serv- 
ices, by a ratio of more than two to one. In theory, therefore, 
and for maximum efficiency of the over-all effort we, in Canada, 
should be tooling for our largest customers rather than for our- 
selves who are a lesser customer, and it will be clear that the 
Industrial Mobilization problem in Canada is a complex one and 
relatively of much greater import from this aspect than that of 
the major powers, who mobilize primarily for their own require- 
ment. However, in the case of Naval A/S escorts, we would 
appear to have nailed our colors to the masthead and have pro- 
ceeded to tool up for our own class of ship, confident that as a 
type it is militarily acceptable right across the board. If any major 
changes, particularly with regard to propulsion, are required be- 
fore our ship is acceptable to any other nation—I hesitate to esti- 
mate what might be the effect—not only on our own program— 
but also to the delivery dates which might be stipulated for out- 
side orders. 


I am compelled also to observe that quantitively our target pro- 
duction rate at the moment covers only Canadian requirements, 
and that tooling takes time these days. 


Be that as it may, I think you will agree that we are making 
progress, and that our approach is a sound one. 


Now a word about our Navy today. During the last war, as I 
have already mentioned, we, in the RCN, expanded from a per- 
sonnel of about 4,000 to almost 100,000, and a fleet of some 400 
operational ships. As you probably know, we were, above all, 
primarily an anti-submarine Navy, although our ships in one 
way or another were seen on all the oceans of the world except, 
I believe, the Antarctic. At the end of the war, demobilization— 
in common with many others—was rapid and for a short period, 
we were back practically to insignificance. However, we are now 
on the march again and are expanding to a reasonable effective 
fighting force for a country of our size. The wartime pattern 
is definitely again being followed in that our role is shaping 
towards specialization in A/S warfare. This, of course, in my 
humble opinion, makes sense, and there is everything to be said 
for a relatively small Navy such as ours, avoiding a diversified 
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effort and concentrating instead on attaining the maximum pos- 
sible efficiency in one specialized field. Well—we are doing pre- 
cisely that and it is difficult to think of any current activity in the 
RCN which is not directly or indirectly concerned with the de- 
velopment of A/S warfare capacity. 


All of our existing destroyers are in the process of undergoing 
conversion, consecutively, and the modernization of submarine 
detection equipment and A/S weapons is No. 1 item on each list 
—although of course we are not neglecting other items such as 
A/A armament, communications, etc. We have recently also 
re-acquired a number of wartime frigates, and are carrying out 
an extensive modernization program on them—again primarily 
A/S. Our schools and tactical trainers are being modernized 
and re-equipped, and although this program is not fully complete 
—we think some features of our training devices will be unique 
in the training field. We intend to leave no stone unturned in 
achieving our objective of being on a par with the best in A/S 
warfare. We shall insist and continue to stress the need of ever- 
increasing the effectiveness of A/S materiel, and we shall train 
and continue to train until we are as near perfect as possible. 
We believe that nothing but the best will be good enough. 


And now, Gentlemen, in summing up, may I say that tonight 
I have tried to give you a picture—a picture of a Navy, youthful 
in years but full of the enthusiasms associated with youth, a Navy 
which is small but conscious of the fact the smallness is only an 
incentive to greater efficiency. 


I have tried to give you a picture of our shipbuilding—of ship- 
builders of Halifax, that old garrison city, sometimes known as 
the Warden of the honor of the North—of Saint John, at one 
time one of the great shipbuilding ports of the world—of Quebec, 
center of our treasured French culture in Canada, and custodian 
of so much that is close to the hearts of all Canadians—of Mont- 
real, the greatest metropolis of them all—of Toronto and other 
centers in the great inland seas of the mighty St. Lawrence Basin 
—of Vancouver, whose majestic harbor is Canada’s gateway to 
the Orient, and to North East Asia—and of Victoria, the old 
Hudson Bay post-—an origin so typically Canadian. 


I have tried to give you a picture of our Navy, our shipbuild- 
ing and our other industries—all of them on the march in the 
common cause. 


Our Objective—it is to build ships—good ships—worthy of the 
men who will man them, worthy of the cause which they may be 
called upon to defend—so that when the time comes and wherever 
we, in the RCN, may be called upon to serve, in any or all of the 
seven seas, we may acquit ourselves only with great glory and 
honor to Canada. 
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ADVERTISEMENTS 


Now well under way is the Mari- 
time Administration’s program 
for the new Mariner class cargo 
ships. Construction is proceeding 
rapidly in various shipyards 
throughout the country, with the 
first of the new class already 
launched. These trim, modern 
ships are 560’ 10”, LOA, have a 
molded beam of 76 feet and a 
deadweight tonnage of 12,910. 
Shaft horse power is 17,500 and 
design speed is 20 knots. 


Fifteen of these new vessels 
will be powered with C-E Bent 


new Mariner Class Ships 
.. powered by C-E 


Tube Boilers. Each of these boil- 
ers, at normal capacity, will de- 
liver 64,000 Ib of steam per hr at 
600 psi and a temperature of 
865 F; overload capacity is 
96,000 Ib per hr. 


The selection of C-E Boilers 
for fifteen of these ships recalls 
Combustion’s major role in sup- 
plying boilers for many hundreds 
of the Maritime Commission 
ships — C-ships, Victories, tank- 
ers, Liberties and numerous 
others of special types — built 
during World War II. 


COMBUSTION ENGINEERING- 
SUPERHEATER, INC. 


200 Madison Avenue @ New York 16, N. Y. 


B-554A 
ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT FOR MARINE AND STATIONARY APPLICATIONS 
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1500-Pound 
Pressure-Seal Bonnet 
_ Gate Valve, 

~ Socket-Welding Ends 


Best Known 
Name in 
Valves and Fittings for 


All Marine Installations 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Illinois 
Branches Serving All Marine Areas 


CRANE 


VALVES + FITTINGS PIPE» PLUMBING AND HEATING 


it 
P 
| 
= 
J 
| 


ADVERTISEMENTS ili 


CUTLESS BEARINGS 


for 


Stern Tubes and Struts 


Soft rubber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


Seaporcel 


Ceramic Coating (Fused at 1550°F and higher 
temperatures) on Steel and C.RS 


for 
Mufflers Boiler Linings 
Tail Pieces Chemical Containers 
Piping Joiner Bulkheads 
Special Parts Exhaust Systems 


REPLACES CRITICAL ALLOYS 


For Erosion, High Temperature, Corrosion Protection 


SEAPORCEL METALS, INC. 


Associated with: 
MADISON MUFFLER CO. 
Manufacturers of Silencers, Manifolds, Tanks, etc. 
East Coast West Coast 
28-20 Borden Ave. 1461 Canal Ave. 
L. I. City 1, N. Y. Long Beach, Cal. 
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L L lOTT 
ww serves the fleet and Naval bases with such equip- 


Deaerating Feedwater Heaters 


Turbine-Generators * Mechanical Drive Turbines 
FE Condensers © Strainers « Tube Cleaners 


Information and bulletins on request Q-1075a 


ELLIOTT COMPANY 


District Offices in Principal Cities | eee 


~ Bendix’ DEPTH RECORDER 


The Bendix Supersonic Depth them. Weighs only 90 pounds. 
Recorder draws an instantane- Easily installed in any conven- 
ous, permanent chart of all ient location. Accurate to 200 
undercraft conditions in their feet or 200 fathoms. Write for 
aotural profile as you pass over complete details. 


Pacific Division 


CONTRACTORS TO THE U. S. NAVY 


THE BERWIND-WHITE COAL MINING CO. 
1 BROADWAY, NEW YORK 4, N. Y. 
PROPRIETORS, MINERS AND SHIPPERS OF 


BERWIND’S EUREKA 
BERWIND’S STANDARD NEW RIVER and 
BERWIND’'S STANDARD POCAHONTAS 


SMOKELESS STEAM COALS 
ALSO 


BERWIND'S STANDARD ELKHORN 
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ADVERTISEMENTS 


Two non-magnetic 


Seagoin’ alloys 


...Wwith corrosion resistance 


plus high strength 


For special marine applications 
where high physical properties, cor- 
rosion resistance, and non-magnetic 
qualities are essential, it will pay 
you to investigate “326”® Monel 
and “K”® Monel. 


“'326" Monel is substantially non- 
magnetic at and above room tem- 
peratures. The approximate perme- 
ability at 68°F. is 1.025 and at 14°F. 
is 1.1. Neither hot nor cold work- 
ing appreciably affects its magnetic 
properties. 


Typical uses for “326” Monel in- 
clude fuel and water tanks, and 
Anchorfast nails in deck planking, 
for minimum magnetic effect; also 
solenoids, compass bevels and shield- 
ing tape for high-voltage cables. 


Nickel Alloys 


Bearing Rings — Here corrosion-re- 
sistant, non-magnetic “K’’ Monel 
was used for ball bearings with a 
Rockwell C hardness of from 42 
to 45. 


Cable Shielding—Here ““326”’ Monel 
was used because it is highly resis- 
tant to corrosion and fatigue failure. 


Monel possesses a combina- 
tion of useful characteristics. Be- 
sides corrosion and heat resistance, 
it has the strength of alloy steel and 
extra toughness and hardness after 
heat treatment. It is non-magnetic 
down to 150°F. below zero. 


Typical uses for “K” Monel are: 
Instrument parts, ball bearings, gyro 
parts. Good spring properties make 
it especially valuable. 


Since nickel alloys are on extended 
delivery due to defense, rated orders 
should be placed well in advance of 
working schedules. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N.Y. 


MONEL® “326"® MONEL "R”® MONEL 
"K"® MONEL "KR”® MONEL MONEL 
NICKEL * LOW CARBON NICKEL * DURANICKEL® 

INCONEL® INCONEL "X"®. 
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Griscom-Russell 


Distilling Plants 
Feed Water Heaters 
Oil Coolers — Jacket Water Coolers 
G-Fin Fuel Oil Heaters 


Bulletins on Request 


THE GRISCOM-RUSSELL 


MASSILLON, OHIO 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 
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GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 
Great Neck, New York - Cleveland - New Orleans 
Brooklyn - Los Angeles - San Francisco - Seattle 


In Canada—Sperry Gyroscope Company of Canada, 
Limited, Montreal, Quebec. 
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1888-1950 


BATTERIES DEPENDABLE... 


on land, at sea, and in the air. 
THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


Sons follow fathers in the Bath tradition of fine shipbuilding 


BATH IRON WORKS CORPORATION, BATH, MAINE 


Materials for 


MARINE SERVICE 


| Incombustible Joiner Materials + Acoustical Materials 
sto Ebony, for Switch and Panel Boards + Structural Ins 
and Engine Room Insulations « Packings * 


Johns-Manville | 
ox 29:0, New York 16, Ni 


COLLINS RADIO COMPANY 


CEDAR RAPIDS, IOWA 


11 West 42nd Street- 1937 Irving Blvd. 2700 West Olive Avenue 
New York 18, N. Y. Dallas 2, Texas Burbank, California 


Designers and manufacturers of radio communication 
9 


and navigation equipment for the Armed Forces. 


BATH IRON WORKS COR 
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65 YEARS oe MARITIME SERVICE 


REPAIRS to sailing vessels were common occurrences in the early years 
of operation of the Newport News Shipbuilding and Dry Dock Company 
soon after its founding by C. P. Huntington in 1886. The four and five- 
mast vessels docked stern to stern in the above view indicate the early 
beginning of the company's policy of thorough planning to expedite 
ship repairs. 

At the turn of the century facilities at Newport News included an 
800-foot dry dock to accommodate the world's largest ships of that time. 
Development and expansion of facilities in the plant have kept pace 
with world maritime progress. Today Newport News has unexcelled 
equipment within the 225-acre plant for the complete on-the-spot execu- 
tion of all types of shipbuilding, ship repair, and conversion work. 


NEWPORT NEWS 


SHIPBUILDING & DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
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|DE LAVAL | turbines, gears, 
centrifugal and rotary 


pumps have been an 
important part of 
America’s ships. 


DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS + WORM GEAR SPEED REDUCERS + IMO OIL PUMPS 
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...@ tradition at NEW YORK SHIP 
Since the first keel for a naval Re eematatiiitheltneccs) 
vessel was laid at New York Ship, 
shortly after the turn of the ~ ) | 
century, an uninterrupted program 
of naval construction has been 
on the yard schedule. 7 
In peace or war, New York Ship 
continues to build for the Navy : ‘ 
...a tribute to the men who carry ) 
on the traditions of the founders. 
| NEW YORK SHIPBUILDING CORPORATION 
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YEARS 
Of Gear Designing 
FOR THE NAVY | 


In 1934, Farrel started 
an intensive program of 
engineering and manu- 
facturing development 
of propulsion gearing 
of the types required by 
the Navy. Since then, 
these designs have been 
proved at sea in over 
1200 ships of more than 
thirty different types, in- 
cluding destroyer escorts, 
patrol craft, seaplane 
tenders, submarines, sub- 
marine tenders, mine 
sweepers, landing craft, 
tugs and other vessels. 

FARREL-BIRMINGHAM CO., INC. 


Marine Division: 
Ansonia, Conn. 
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Cuemican Panay Comma 


AMBLER PENNA. 


PROCESSES 


Technical Service Data Sheet 


Subject: HOW TO MAKE PAINT STICK TO 
GALVANIZED IRON WITH |JTHOFORM® 


INTRODUCTION 


“Lithoform” forms a dense, zinc phos- 
phate coating on zinc, cadmium, and 
galvanized surfaces— including Galvan- 
neal, cadmium plated steel, zinc plated 
steel, zinc base alloys, and zinc base die 
castings. The “Lithoform” coating, which 
is non-metallic and inactive, retards reac- 
tion between alkaline metal oxide and the 
paint film. Peeling and loss of adhesion 
are thus greatly retarded on painted Lith- 
orized zinc and cadmium. 


ADVANTAGES OF 
“LITHOFORM” 


“Lithoform” forms a durable bond for 
paint. It is economical. It eliminates fre- 
quent repainting. It protects both the 
paint finish and the metal underneath. 
“Lithoform” meets these Government Fin- 
ish Specifications: 


QQ-P-416 

RR-C-82 Cort. 
MIL-E-917A (Ships) Murray Circuit Protectors are fully 
JAN-F-495 magnetic and maximum pro- 
AN-F-20 tection for both domestic and indus- 


" trial wiring. Housings are of galvanized 
U.S.N. Appendix 6 iron which is Spray Lithorized for long 


THE LITHORIZING PROCESS paint life, 


“Lithoform” can be applied by brushing or spraying the work with simple hand 
equipment, by dipping it in ee or by spraying it in industrial power washers. 

Brush. Galvanized bay windows, cornices, rain gutters, hardware, building siding, 
truck panels, and farm equipment are typical of the many surfaces that are treated 
effectively with Brush “Lithoform”. 

Dip. This grade is used for coating cleaned surfaces of such typical products as 
cabinets, refrigeration condensers, etc., immersed in heated solutions in tanks. 

Spray. The spray process is the most logical one with which to coat sheets, coiled 
strip or duplicate products best processed on a conveyor. 


CHEMICALS 


PROCESSES | 


CHEMICALS! write FOR FURTHER INFORMATION ON “LITHOFORM” 
AC P AND ON YOUR OWN METAL PROTECTION PROBLEMS. 
PROCESSES 


CHEMICALS 

| 
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to meet modern 
conditions on modern shi 

this new B&W Drum-Type Boiler features 
outstanding installation, operating and 

maintenance advantages never before available in units 

of this type. Its advanced design provides time-savin 

and cost-saving benefits for everyone concerned wi 

modern marine steam requirements—from naval archi- 

tects to boiler room crews: 

¥ Greatly simplified design, fewer component parts to 

handle and assemble, and an imp d casing . 

tion with fewer seams and openings save « 

erection time and expense. 

¥ Its lighter weight aids handling during installation and 
increases ship payload capacity. 

¥ Ic is the first marine boiler to embody a “walk-in” or 
cavity-type superheater which greatly simplifies boiler op- 
erating and maintenance practices, with none of the short- 

ings of ional superheaters. 

V Now a man can actually enter the superheater and 

visually inspect the entire superheater, support, protective 
lates, and space under the superheater. 

WV Heating surfaces subject to fireside deposits are DI- 
RECTLY accessible for fast, thorough cleaning. 

V Soot-blowers can be located for more effective cleaning. 

¥ Superheater parts and soot-blower parts in the Super- 
heater zone can be repaired or replaced without destruc- 
tion of other boiler parts in much less time. 

accessibility of headers and handhole fittings 

plus Ber pane tube seat design facilitate tube expanding 
and welding; allows closer control and inspection of 
tube joints. 

¥ Superheater tubes may be withdrawn between headers, 
thus allowing tube withd I space and headers to be 


drum-type 


>>> 


located in the firing aisle. 

V No ship space is needed at rear of boiler for superheater 
headers, piping and other fittings. 

¥ No removable access panels are needed at loop end of 
superheater. 

WY Water-cooling and elimination of casing seams at this 
location assure a more rigid, tighter and cooler casing 
with lower maintenance costs. 

¥ Use of standard refractory shapes in the boiler furnace, 
a simplified flat brick pan, water-cooled furnace floor and 
absence of connections between pressure parts and casing 
also contribute imp ly to more ical mainte- 
nance as well as improved boiler room conditions. 

W Because of its many points of superiority, this new B&W 
Boiler already has been cated | for 20 new vessels, in- 
— tankers, Lake cargo carriers, and Mariner-class 


ips. 

¥ Be sure you get the full story about this latest advance in 
marine steam generation for any ships being planned or 
contemplated. 
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Plan view of “Walk-in” Superheater 
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ADVERTISEMENTS xv 
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For Naval Architects—Space saving, light weight, 
greater freedom in piping design. 


For Purchasers—Initial cost savings. 


For Shipbuilders—Easier, faster erection. 


For Operators—Improved boiler performance, quicker 
ds, lower ing and mainte- 


mance costs. 


For Maintenance Crews —Increased accessibility 
for quicker and easier inspections and repairs. 


For Boiler Room Crews—Improved working 
itions. 
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To put ships in service...to keep them on the job 


NAVY-WESTINGHOUSE SERVICE PLAN 
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4. For fast, efficient repairs wh 


Westinghouse maintains 21 Navy Service Consultants... strategi- 
cally located coast to coast...available FREE to the Navy to discuss 
shipping problems connected with steam or electrical equipment. 

To take fullest advantage of this service, consult with the 
Westinghouse Consultant on his scheduled call at your port 


headquarters, or get in touch with the one nearest you. For your 
convenience, here are their various locations: 


Seattle Norfolk Port Smith 
San Francisco South Philadelphia East Pittsburgh 
Los Angeles Philadelphia Buffalo 

New Orleans Boston «--and Honolulu 


J-93469 
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SECRETARY’S NOTES 


ANNUAL BANQUET 


Another successful banquet of the Society is now a matter 
of history. Members and guests who attended on 2 May 1952, 
again exceeded the capacity of the main banquet rooms of the 
Washington Statler Hotel and many had to be accommodated in 
the foyer and corridors: For the first time seating was arranged 
by order of application instead of by lot. However, members of 
more than twenty years standing were given special treatment. 


The banquet meeting was presided over by the President of 
the Society, Rear Admiral T. C. Lonnquest, USN. Mr. Frank 
Nash, Assistant to the Secretary of Defense officiated as toast- 
master. The principal address was made by Rear Admiral (E) 
J. G. Knowlton, R.C.N. Chief of Technical Services of the Royal 
Canadian Navy. 

Several Past Presidents of the Society, the Secretary of the 
Navy, the Honorable Don Kimball and many others of note in the 
Naval and Naval Engineering fields attended. 
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LONGEVITY OF MEMBERSHIP 


The Society is extremely proud and deeply appreciative of the 
fact that a great many of its members have been on its rolls for a 
long, long time. A check of the records show that no less than 
120 have been members 30 years or more. During their entire 
membership they have given their loyal support and the Society 
is profoundly grateful. 


Four members joined the Society in 1902 — 50 years ago. 


They are 


W. E. Maccoun, Naval Member 

W. S. Newell, Civil Member 

Hugo P. Frear, Associate Member 
M. L. Katzenstein, Associate Member 


The following have been members 40 years or more: 


Gregory, Henderson B., Civil Member, 49 years 
Turner, J. B., Naval Member, 49 years 
Dinger, H. C., Naval Member, 49 years 
Powelson, W. V. N., Naval Member, 48 years 
Cluverius, W. T., Naval Member, 47 years 
Norris, Albert, Naval Member, 47 years 
Ferguson, Homer L., Naval Member, 46 years 
Kibbie, Austin S., Naval Member, 45 years 
Cairnes, George S., Naval Member, 44 years 
Anderson, Ernest H. B., Civil Member, 44 years 
Doyle, M. A., Naval Member, 43 years 
Powell, J. W., Naval Member, 43 years 
Church, Albert T., Naval Member, 42 years 
Woodward, Clark H., Naval Member, 42 years 
Herbert, Frederick D., Civil Member, 42 years 
Metten, J. F., Civil Member, 42 years 
Robins, W. B., Associate Member, 42 years 
Lord Weir of Eastwood, Associate Member, 42 years 
Yeager, T. H., Naval Member, 42 years 
Bagger, F. E., Naval Member, 41 years 
Coman, V. K., Naval Member, 41 years 
Cook, Fayette A., Naval Member, 41 years 
Daniels, Milton R., Naval Member, 41 years 

_ Johnson, C. H., Naval Member, 41 years 
Beck, S. H., Associate Member, 41 years 
Charlton, A. M., Naval Member, 40 years 
Loeb, Leo, Associate Member, 40 years 
Thayer, Horace H., Jr., Civil Member, 40 years 
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E. D. History 


Captain Henry C. Dinger, USN Retired, has commented on 
“E. D. History” which was published in the November 1951 issue 
of the JourNAL. Captain Dinger’s letter follows: 


“Capt. J. E. Hamilton, U.S.N. 
Secretary A.S.N.E. 
Bureau of Ships, Navy Department 
Washington, D. C. 
My dear Captain Hamilton: 
In connection with your Staff article in the November 1951 
number of the JouRNAL, I have a few comments to offer. 


I think that it would give a better background if brief 
reference were made to the development of the special engineering 
courses which eventually grew into the Engineering Post Graduate 
School and out of this into the E.D.O.; also some reference to the 
Newberry system and the combination of the Bur. of C & R and 
Engineering in 1909, when Admiral Capps, Constructor, was Chief 
of both bureaus. During this time, when I was on duty in the 
Design division, I was asked by Admiral Capps to draw up a 
scheme for special training of young line officers for engineering 
duty. This I believe was the first definite plan to secure engineer 
specialists and to secure something definite out of the then P.G. 
system, where many were given special courses but very few were 
utilized for special engineering duty. However, since after some 
months of upset in Navy Yards and Bureaus, the Newberry system 
was terminated and Admiral Capps’ suggestion for training line 
officers for engineering duty fell through. Some improvement in 
P.G. system, however, was made. 


The references to S. M. Robinson as being the originator of 
the E.D.O. law is somewhat in error. During 1914-15, there was 
considerable discussion on engineering duty and I was then senior 
assistant in the design division. I was asked by Adm. Griffin to 
draw up a memo for E.D.O. legislation. This I did. The Admiral 
was also at the time concerned with other Bureau legislation. What 
I had drawn up was the legislation that eventually was passed in 
1916. This did not go through at once. I left the Bureau in July 
1915. I did not suggest the appointment of civilians as ensigns 
for engineering duty. This was added by the Secretary of the 
Navy, I believe, because it offered a chance for added officers and 
the extra numbers of E.D.O.’s also were extra new members. The 
law did not get through when first proposed but the second year 
it did go through. Adm. Dyson and S. M. Robinson at the time, 
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while favorable to the scheme, were not especially concerned with 
this then but Adm. Griffin did actively push the proposition and I 
suppose came to me to get the reactions of one who was likely to 
be affected. 


It is quite possible that S. M. Robinson was active and effective 
in pushing through the final legislation but I drew up the memo 
which Adm. Griffin used. I also believe there is some error in 
including David F. Boyd in Engineering duty only. He was on 
duty in Bureau of Engineering 1913-14, but was not E.D.O. I 
took over his job, fuel and personnel, when he left the Bureau. 


I may say that in the matter of Bureau of Engineering 1903- 
16 and engineering duty, there is much of which there is no record 
and where inaccurate ideas prevail. I started in the Bureau with 
Mellville. I was Dyson’s relief in 1903 and Griffin was my relief 
in 1905. At this time the Bureau had no Chief Draftsman because 
the Navy Chief Clerk had this title so he could draw higher pay. 
There was no Officer Assistant Chief of Bureau. I made recom- 
mendations which finally resulted in getting an Officer Assistant 
Chief, chief draftsman, and additional civilian technical engineers 
for Bureau and its inspection offices, under Adm. Rae. 

During this time there was the beginning of development of 
turbines, oil fuel, submarines, engineering and reliable water tube 
boilers, also hull and powering on the basis of experimental 
research including Taylor’s work in hull lines and Dyson’s work 
on propellers and the initiation of the Engineering Experiment 
Station. Also I had put in the first fuel consumption requirements 
in contracts for naval vessels. 

It might also be mentioned that neither Chief or Assistant 


Chief of Bureau were E.D.O. for about ten years after law was 
passed. 


Sincerely, 
Henry C. DINGER, 


Capt., U. S. N., Ret.” 


Captain Dinger is correct about David F. Boyd. An error was 
made in including him among those who were designated E.D.O. 
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A.S.N.E. MEMBERSHIP AS PRIZE 


Captain Carl J. Lamb, USNR, has been mentioned before in 
these Notes. The following letter speaks for itself. 


25 January 1952 
“Dr. W. V. Houston, President 
Rice Institute 
6100 S. Main 
Box 1892 
Houston, Texas 
Dear Dr. Houston: 


Confirming our conversation of Saturday, 19 January, it 
affords me great pleasure to establish, for the duration of time 
that I am on duty here in Houston, a prize which I hope may 
be a slight incentive to some of your engineering students. 


At the present time, the lives of all Americans are directly or 
indirectly affected by world conditions. Thinking people realize 
that two of the very important factors of maintaining our system 
of life and of safeguarding that system are the technical engineers, 
and the trained military personnel for reserve components. Rice 
Institute is progressively and objectively playing a leading part in 
both fields. 


Accordingly, to that naval R.O.T.C. senior who is commis- 
sioned as an ensign in the naval reserve upon graduation and who 
stands first in the naval R.O.T.C. unit in mechanical engineering, 
I extend admission to and a year’s membership in the American 
Society of Naval Engineers. 


Attached is a copy of the last quarterly issue of the JouRNAL 
OF AMERICAN SOCIETY OF NAVAL ENGINEERS. You will note that 
the last page in the journal gives the qualification for membership. 
The membership which I offer as an incentive would come under 
the first classification of naval membership rather than civil or 
associate. id 


I assume that upon the occasion of presentation at graduation 
some sort of a letter should be presented to the naval reserve 
midshipman who receives the prize membership. Since I have 
little knowledge of such procedure I shall appreciate receiving 
from you or Captain Mewhinney suggestions as to the format of 
that letter. 


Sincerely yours, 
J. Las, 
Captain, USNR., 
Supervising Inspector.” 
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A.S.M.E. SYMPOSIUM 


ASME Symposium on Shock and 
Vibration Instrumentation 
Planned for 1952 


The Applied Mechanics Division of the American Society of 
Mechanical Engineers announced recently that plans are rapidly 
developing for a Shock and Vibration Instrumentation Symposium 
to be held during its summer meeting at Pennsylvania State 
College, State College, Pennsylvania, June 19-21, 1952. 


Although the principles of operation, sources of error and 
methods of calibration of instruments will be stressed, a well- 
rounded program will be presented covering all fields of interest 
relating to current shock and vibration testing. 


The program includes papers in the following categories: 
(1) Survey and historical; (2) One-degree-of-freedom instru- 
ments; (3) Sources of error and secondary effects; (4) Peak 
reading gages; (5) Calibration; (6) Applications. The symposium 
will close with a general discussion intended to bring out the 
difficult and intriguing problems which are in urgent need of 
solution in the instrumentation field and thus to stimulate further 
development. 


It is expected that the symposium papers and discussion will 
be published in a single volume which will present the current 
state of knowledge on shock and vibration instrumentation. 


MANUSCRIPTS 


For some time, instructions for submitting manuscripts have 
been published in Association Notes. The editor has on hand 
twelve manuscripts which have been submitted and which will be 
considered for publication in the August issue. Only four of the 
twelve were accompanied by a biography of the author. This 
omission will require additional correspondence, delay in acceptance 
and delay in the printer’s part of the job. Prospective authors can 
help if they will refer to the instructions when submitting manu- 
scripts. 
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SEA POWER 


Base of American Policy 


CoLtoneL W. R. KintNER, USA. 


ACKNOWLEDGMENT 


This article is reprinted from the October 1951 issue ot The Marine Corps 
Gazette. The authors are G. C. RernHarpt, USA and LIEUTENANT 


The influence of sea power upon the 
growth of the United States is generally 
as underestimated as the extent to which 
sea power determines the fundamental 
foreign policy of this country today. Sea 
power, our own or that of nations allied 
to us, has played the decisive, if often 
unnoticed, role in all major crises of our 
history. 


An inadequate understanding that the 
United States Navy is the basic tool of 
foreign policy contains several serious 
dangers. The first is an attitude of 
complacency that we will inevitably re- 
tain naval supremacy, and thus deny our 
Navy predominance in the technological 
development of sea warfare. Second, 
vital though the supporting role of sea 
power may be, the United States must 
fully comprehend the inherent offensive 
strength it can develop in its own right. 
Navies, to blockade the enemy, to safe- 
guard the sea lanes, are not the complete 
concept. The ability to strike by sea at 
crucial points of a far-flung land empire 
has been too often neglected in the gene- 
sis of American strategy. 


Every nation’s foreign policy, like its 
culture, is the offspring of geography 


and history, though the degree each in- 
fluences policy formation varies signif- 
icantly. That the United States is an 
adolescent among nations, in a globe 
shrunk by technology, has made geog- 
raphy the most important factor behind 
American foreign policy. The outstand- 
ing geographical aspect of our position 
is that the United States is an under- 
populated continental island separated 
by wide oceans from the teeming land 
mass of Eurasia-Africa. Irrespective of 
ideological cleavages, the foreign policy 
which springs from our geographical 
position is essentially this: The U. S. 
must prevent the dominance of the East- 
ern Hemisphere by a single power. 


This policy requires a world balance 
of power as a logical development of, 
not a divergence from, our national tra- 
dition. Promulgation of the Monroe 
Doctrine warned Europe that we had 
adopted a balance of power policy for the 
Western Hemisphere. Our protestation 
of disinterest in Europe deceived no ex- 
perienced statesman, but the success 
which followed that policy in the 19th 
century has been too much attributed to 
the respect it engendered in foreign gov- 
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ernment, too little to the benevolent neu- 
trality of the British Navy. 


The 19th Century opened with the 
destruction of the Napoleonic Empire, 
an almost successful attempt to unite the 
land mass of Europe under a single 
ruler. Repetition of that effort was not 
tried until the rise of Germany at the 
dawn of the 20th Century. Faced with 
the first German challenge we responded 
in emotional guise to an only vaguely 
understood danger. That time we called 
the struggle for a balance of power a 
conflict to ‘make the world safe for 
democracy.” That war’s scare 
caused us to place upon the high seas 
the world’s mightiest Navy, its largest 
merchant marine. But because we were 
still thinking in terms of a hemisphere, 
not the globe, we permitted our Navy to 
reduce to a bare parity with Britain’s, 
our merchant marine to dwindle to in- 
significance. 


Our response to World War II was 


also instinctive, not reasoned. We en- 
tered, or were forced into, the struggle 
which we then termed a “war to end 
wars.” In its process, our sea power 
grew until every facet of its strength ex- 
ceeded that of any second and third 
powers combined. Victorious, we still 
avoided the basic issue. We emerged 
from that conflict recognizing too late 
that our own actions had predominantly 
contributed to the utter destruction of 
any semblance of balance on the Eura- 
sian land mass. Belatedly, we admit 
stark fact; we are inescapably commit- 
ted to preserving a world balance of 
power or face eventual national destruc- 
tion. 

As we re-enter the old struggle we 
must recognize that fire need not always 
be fought with more fire; water is often 
better. History, our own and that of past 
nations, assures us that the primary, 
though by no means only, weapon of an 
island people against a land mass is 
sea power. 


THE AMERICAN POSITION 


The United States has attained a rank 
among nations almost without parallel. 
The American people comprise ‘only a 
small fraction of the globe’s inhabitants, 
yet they command half the wealth and 
productive facilities of the earth. Un- 
sought, almost undesired, power has been 
literally thrust upon the United States. 
Yet, coincident with accession to world 
eminence, the United States finds its 
security challenged by another nation 
whose ultimate power may exceed its 
own. 


The appearance of the modern totali- 
tarian state has made the threat of war 
a normal condition. The Kremlin has 
become in fact, as well as symbolically, 
the threat, not merely to peace, but to 
the freedom of every citizen in the non- 
Communist world. 


Having at last accepted the implica- 
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tions of the jungle state of world politics, 
the United States has thrown itself into 
another hasty, costly effort to accom- 
plish in weeks the re-arming that had 
been ignored for years. There is grave 
danger that the role of the Navy in 
United States security forces may be 
slighted, that the offensive potentialities 
of sea power may go undiscovered un- 
less the relation between sea power and 
national strategy is fully understood. 


Prior to 1939, American security 
rested on four pillars: its geographical 
position, its vast natural resources, the 
European balance of power, and the 
British command of the sea. Of these 
four pillars, the first has lost much of its 
meaning, much of the second has been 
expended, the third is irretrievably gone, 
and the main responsibility for com- 
mand of the seas (and now of the air) 
has passed to our hands. 
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In a world whose political structure 
was altered almost beyond recognition 
by WW I, and in one in which the 
buffers of time and space have lost im- 
portance, American security has been 
anchored to two new foundations. These 
are reliance on our own strength, and 


military alliances with those nations of 
the world with whom we have parallel 
interests and share a common heritage. 
Maintaining our own strength and giv- 
ing military assistance to our friends 
provides the ultimate support on which 
our other basic policies rest. 


FOUR PILLARS OF AMERICAN FOREIGN POLICY 


As power is the handmaiden of policy, 
an examination of the role of sea power 
properly begins with a survey of our 
underlying policies. 


For the greater period of our national 
life we have adopted vigorous policies to 
secure the objective we prize. The 
policies we are pursuing today have deep 
roots in our past and are likely to be a 
guide to our actions in the years ahead. 
The major policies of the United States, 
which are characterized by a high de- 
gree of permanence, are: (1) To create 
a world order based on justice (now 
through the United Nations); (2) To 
further peace through promoting eco- 
nomic well-being; (3) to encourage the 
spread of democracy; and (4) pending 
the creation of a world order, to seek 
security through regional associations. 


These are the main policies given to 
us by the marriage of our history and 
geography. Our history indicates the 


necessity for a much closer coordination 
between the execution of our foreign 
policies and our military capabilities. 
Our military plans are, and properly 
should be, subordinate to and contingent 
upon our foreign policies, yet it is essen- 
tial that our foreign policies take into 
consideration our military capabilities or 
limitations. On this point the United 
States has often been remiss. 


Plans for the employment of any of 
the armed forces are fundamentally un- 
sound unless they contribute to the at- 
tainment of the national objectives sought 
by these policies. The four major poli- 
cies just enunciated provide the political 
frame on which all military planning 
and development must rest. Specifically, 
the role of sea power must be defined in 
terms of our over-all military posture in 
time of peace and the military strategy 
pursued in war. Our military posture 
and our military strategy must both ad- 
vance the goals of policy. 


THE TOOLS OF POLICY 


Two world wars and the even graver 
crisis following the second conflict have 
been necessary to convince the United 
States of the truism that national policy 
and power must be applied simultane- 
ously along four lines; political, eco- 
nomic, psychological, and military. We 
are still amateurs at the fine art of com- 
bining those four methods compared to 
our aggressor adversary or, in fact, in 
comparison with many of our allies and 
defeated former foes. 


Emergence of Soviet Russia as a 
super-state, embarked on a campaign of 
world conquest, has established the ulti- 
mate reliance of economic, political, and 
psychological factors upon military force. 
Yet no military campaign can be planned 
or conducted in a_political-economic- 
ideological vacuum. Even totalitarian 
states respect the force of public opinion 
and expend vast energies in seducing it, 
not merely at home but abroad. For the 
end of policy during both peace and war 
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is always psychological, to induce the 
opponent to accept your way of thinking. 


It is in the integration of political 
policy into the over-all national objective 
of security that we have most grievously 
failed to combine military capabilities 
with political pronouncements. Contain- 
ment of Communism was accepted by 
the United States at the time that eco- 
nomies, even reductions, in defense bud- 
gets were most rigorously applied. Brave 
words, unsupported by military strength, 
are no better than outright appeasement. 
The counsel of a one-time assistant secre- 
tary of the Navy to “speak softly but 
carry a big stick” was often neglected. 


Our military stature made it glaringly 
clear to thoughtful observers that our 
foreign policy was mainly backed by the 
unknown efficacy of atomic attack upon 
an aggressor. Even that potent weapon 
has not been exploited politically and 
psychologically to best advantage. It is 
impossible to convince a nation’s people 
that we are foes of merely their unjust 
rulers while we threaten them and their 
families with mass destruction weapons 
that will injure neither the deep shelters 
of the rulers nor their aggressive armies. 
Only recently have we turned to the 
tactical development of atomic weapons. 
Yet in the preeminence of our tech- 
nology and industry lies the most power- 
ful weapon with which to defeat huge 
aggressor forces. 


We have gone through a false dream 
of gadget-won victory, of single-weapon 
triumphs. For some time we have talked 
“balanced forces” but clear enunciation 
of the term is still restricted to highly 
classified areas. The American people 
do not understand to what levels of ex- 
pansion our land forces, both Army and 
Marine, must be raised. They have but 
vague concept of the real needs of to- 
day’s air force. Least of all, have they 
sound ideas of the development of our 
sea power along, according to post war 


standards, relatively “unconventional” 
lines. They vaguely accept the rebuttal 
of extreme air enthusiasts, and know 
that neither the carrier nor the battle- 
ship, with their protective screens, are 
passé. They do not know the potentials 
of submarine, and anti-submarine war- 
fare, model 1951. The threat of bomber- 
placed mines to Britain’s ports is still 
regarded in the light of the Battle of 
Britain rather than of Soviet capabili- 
ties. 


Hostile possession of atomic weapons 
is considered only as a lethal danger to 
our cities and major industry. That it 
might close the essential ports of our 
Allies, even if not our own, forcing em- 
barkation over friendly beaches, not 
merely such landings on hostile shores, 
is a new concept. That future develop- 
ment and cheapening of atomic weapons 
could render a lone ship at sea a highly 
profitable target is met with an ostrich 
attitude. If the heartlands of the aggres- 
sor are nearer our air bases (at least, 
while we retain them in the lands of our 
Allies) than are our own cities to the 
bomber fields of the attacker, we must 
realize that our tenuous supply line, 
stretching thousands of miles across sea 
and land, is at a disadvantage compared 
to the aggressor’s relatively easier prob- 
lem. 


Just as the Air Force must be 
strengthened with the latest jet models 
in both quantity and quality, just as our 
new divisions must receive tanks and 
guns superior to those used in Korea, so 
must the Navy benefit by technological 
advances in sub-surface as well as air 
combat. Its auxiliaries may need shal- 
low draft, higher speed ships to circum- 
vent mines and submarines, and to 
handicap enemy bombers. The offensive 
striking power of the Navy must be in- 
creased, not merely by removal of WW 
II equipment from the “moth ball fleet,” 
but by equipment known to our scien- 
tific planners if not to our public. 
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THE SOVIET THREAT 


The secrecy with which the Soviets 
manage to maintain their military prep- 
arations as well as their precise political 
aims renders most difficult an objective 
evaluation of both capabilities and prob- 
abie intentions. Recalling the embarrass- 
ment of our intelligence information 
about Hitler’s strength, a weird mixture 
of vast exaggeration of military might 
and underestimation of industrial poten- 
tial, cautions against accepting widely 
publicized accounts concerning either im- 
mense Soviet combat forces or inade- 
quacy of their manufacturing or trans- 
portation support. 


Should war ensue in the near future 
what are the limits to which aggression 
can be held? Effective invasion of the 
United States is definitely not a danger, 
though a sneak attack upon Alaska has 
some prospect of initial success. Atomic 
bombardment of selected targets within 
the United States, particularly by “one 
way” bombing squadrons is entirely fea- 
sible. Sabotage of our industrial sys- 
tems is inevitable; only the degree of 
effectiveness remains in doubt. The 
abysmal failure of vaunted Nazi sabo- 
tage in the last war is no criterion. 
Communist penetration of positions of 
government and scientific trust sign- 
board the risks of assuming impossible 
the far easier task of labor front infiltra- 
tion, or, indeed, that it has not already 
occurred. It is not fantastic that a de- 
liberately inspired campaign of red- 
baiting and widespread suspicion might 
be fostered to harm, in the long run, our 
production and mobilization effort as 
much as direct sabotage. We are dealing 


with hard-headed realists whose utter 
lack of scruples has survived successive 
crises. 

But it is in Europe, and to a lesser 
extent in the Near East, that the short 
term menace of Communism looms larg- 
est. While Hitler did not “miss the 
boat” by invading Norway as was pre- 
maturely asserted, he did attempt too 
much with too little. So far, at least, 
the Communists have made no such mis- 
take. They have contented themselves 
with carefully calculated, limited objec- 
tives, each targeted as a step toward 
their eventual goal, world conquest. 

In an early war, it may be accepted 
that Soviet attacks upon the continental 
United States would be limited to “cal- 
culated risks” designed to disrupt our 
growing war potential more than they 
cost the attacker. Campaigns of conquest 
would be aimed at Western Europe, the 
oil resources of the Middle East, and 
neutralization, if not conquest of the 
British Isles. 

In assaying the possible success of 
such a far-reaching, if still “limited,” ob- 
jective it is necessary to review the con- 
tentions of men whose thoughts have in- 
fluenced world history in recent times. 
Is the world today still a world of Ma- 
han’s “influence of sea power upon his- 
tory” or has the land mass geopolitical 
concept of MacKinder invalidated’ the 
rule of the seas? How much has the 
growth of air power, of modern land 
transport, weighted the scales in favor 
of the vast sprawling Eurasian land 
power over that of the American “is- 
land continent” ? 


SEA POWER TODAY 


The failure of the United States to 
recognize the existence of the Russian 
threat during and soon after WW II 
parallels the slowness of this country to 
acknowledge the searching analyses of 
Mahan. The latter delay may be attri- 


buted to our national ignorance of sea 
power save for defending our shores 
from invasion, an understandable limita- 
tion of view in a people untouched with 
the urge for world power. The former 
error stemmed from a long freedom from 
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poweriul neighbors which, coupled with 
our own peaceful intent, made the men- 
tality of Communism difficult to compre- 
hend. 


But if this country and its leaders were 
temporarily blind in their trust of Rus- 
sian good will, thoughtful men in Britain 
were not. At the very dawn of the 20th 
Century MacKinder challenged Mahan’s 
theory of the preeminence of sea power 
with his warning of the growth of a 
single world empire rising from the 
heartland of the Eurasian continent. His 
immediate fear was Russia, then oppos- 
ing the British Empire in many portions 
of the world. His fear, expressed nearly 
50 years ago, was that of today’s states- 
men: a combination of Russia and Ger- 
many or the hegemony of one over the 
other as an unsurpassed threat to the 
entire world. 


MacKinder admitted the strength of 
Mahan’s logic but sought to rebut with 
the argument that Europe and Asia, in 
fact Africa as well, were a single land 
mass which, in the hands of a single 
power, could eventually generate such 
sea power of its own that the far smaller 
western hemisphere, although supported 
by “island outposts” in Britain, Japan, 
and Australia, could not oppose it. 


From MacKinder’s Democratic Ideals 
and Reality, written in 1919 to guide 
Britain in its settlement of World War 
I, rose the Nazi exploitation of “geo- 
politics.” Avidly, Hitler seized upon the 
cryptic pronouncement, “Who rules East 
Europe commands the Heartland; who 
rules the Heartland commands the 
World-Island; who rules the World- 
Island commands the World.” It is still 
a powerful argument, a sobering thought. 
There is no question of its influence on 
current Kremlin planning. 


Almost overlooked in the cataclysmic 
events of 1944, Nicholas J. Spykman’s 
(Director, Yale Institute of International 
Studies), Geography of Peace, sought to 
reconcile the apparently divergent teach- 
ings of Mahan and MacKinder. Admit- 


ting the progress of land transport, the 
“heartland’s advantage of interior lines,” 
Spykman studied the unfavorable cli- 
mate, the limited resources, especially 
agrarian, in the heartland itself. He 
noted the geographical barriers that 
separated that heartland from the “Rim- 
lands” bordering the oceans. Finally, 
Spykman insisted, the advantage of cen- 
tral position was relative. When the 
power that opposed the heartland must 
come from across the seas to battle on 
an otherwise undefended rimland the ad- 
vantage went to MacKinder’s heartland. 
On the contrary, a timely buildup of the 
indigenous rimland power multiplied the 
transport problems of the vast, limited 
communications net of the heartland. 
“What is true for India and China de- 
fended by British sea power,” stated 
Spykman, “is no longer true if their 
military strength can be made a by- 
product of their own industrial develop- 
ment.” The truth of that warning seems 
to have penetrated the Kremlin more than 
Downing Street or Pennsylvania Ave- 
nue. The relation of this principle to 
our Balance of Power policy is crucial. 


Spykman viewed the rimland as a 
long-suffering buffer, alternately assailed 
by the sea power of the off-shore islands 
and the land power of the heartland. “Its 
amphibious nature lies at the basis of its 
security problems.” It is Spykman’s con- 
tention that there has never been a sim- 
ple land power versus sea power strug- 
gle. Both World Wars were won by 
combinations of sea power and rimland 
strength against heartland concentra- 
tions, he contends. Spykman rephrases 
MacKinder : “Who controls the Rimland 
rules Eurasia; who rules Eurasia con- 
trols the destinies of the World.” 

The plausibility of this restatement is 
attested today by the power struggle for 
Eurasia rimlands in the Far East, the 
Middle East, and Europe. Communist 
aggression sees the possession of those 
areas as vital for its further march to 
world conquest. The western nations 
recognize their “vital interests” in the 
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last two, however much they may have 
miscalculated the stakes in China. The 
world situation today is, therefore, a 
Spykman concept, but it does not com- 
pletely invalidate Mahan, any more than 
did Spykman’s thesis. Bolstering the 
power of the rimlands to resist heartland 
aggression is today’s task. That objec- 
tive, as we have already discovered, 
demands a full appreciation of the Ma- 
han concept of sea power. 


Mahan’s teachings stressed, more than 
any other point the eventual defeat of 
every nation which attempted to use sea 
power defensively, even when the defen- 
sive concept was so liberal as to include 
the use of sea power to protect overseas 
armies of invasion. Protection was not 
enough. Mahan was no more content 
with blockading the enemy’s shores than 
Nelson was to remain outside Copen- 
hagen, than the British fleet was to 
passively blockade the French in Africa 
after France fell in 1940. Had he lived, 
Mahan would not have approved the 
passive roles of the allied navies in 
1914-1918. He would have pressed for a 
naval assault on the German submarine 
bases in preference to a mid-ocean anti- 
submarine campaign. 

Still unappreciated by the United 
States at large, Mahan’s influence for- 
tunately survived strong in our naval 
leadership. This country’s Pacific war 
against Japan was waged in the strategy 
of Mahan. Never did our Navy hesitate 
to fling itself against Japanese shore 
guns any more than it was reluctant to 
expose the conventional taboo “land 
based aviation’s superiority to carrier 
based planes.” Admittedly, the planes of 
a small carrier force cannot successfully 
challenge vastly greater numbers of 


hostile planes on shore but the innate 
superiority of fixed over mobile run- 
ways is less in the jet age of today than 
during the early dark months of WW II. 


Should today’s crisis become tomor- 
row’s conflict the United States Navy 
must possess the well-rounded strength 
to pursue simultaneously all the tasks 
incumbent upon naval supremacy. Its 
final success depends without question 
upon close integration with United 
States’ air and land strength. All three 
Services must receive the unlimited sup- 
port of the entire nation, expressed 
through its industrial system and the 
people’s willingness to work and sacri- 
fice. But the Navy is more than our 
“first line of defense’; it can be the 
spearhead of our attack. Our front lines 
are in the rimlands. Our ability to de- 
fend those lines, to counterattack tell- 
ingly from them, depends upon the offen- 
sive might of our sea power. 


Professional, as well as amateur sur- 
veys report the Russian capability to in- 
vade Western Europe, the Middle East, 
Scandinavia, even India and Japan, in 
one and the same moment. Even con- 
ceding this gloomy picture to be a true 
one, those attacks cannot all be pushed 
home with equal aggressiveness. Initial 
forces can be placed in position, but 
whenever reinforcements or supplies are 
needed, the transport problem of interior 
lines as vast as Asia’s will make itself 
felt. Logistics are not wholly favorable 
to the heartland. Sea power can provide 
the mechanism for concentrating supe- 
rior forces at the decisive places of the 
rimland. This is the great strategic pos- 
sibility which sea power opens up to the 
West in the current struggle. 


SUMMARY 


Converting these theories of sea power 
into specific tasks for our own and our 
allied navies is no insurmountable prob- 
lem. Priorities and emphasis upon tasks 
will, like land warfare, “depend upon the 


situation” but preparation to meet all of 
them can be made. 

If, as many military men aver, a third 
World War may be in essence won or 
lost in its initial phases, it will be the 
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influence of sea power along lines which 
are developments of, not departures from, 
Mahan which will sway the balance to 
our favor. Time will always be neces- 
sary for the industrial power of the 
United States to develop the great land 
armies, the expanded Air Force re- 
quired for complete victory. The U. S. 
Navy, with the help from land and air 
power available, is most nearly ready. 
Our task as a nation is to complete its 
preparation for its new role, to spear- 
head our national offense to the end that 


the costly backs-to-the-wall duty of 
“first line of defense” need never be 
assumed. 


The demands of our policy in peace 
and of our strategy in war both require 
that we exploit the oceans of the world 
as highways, not cringe behind them as 
barriers. But neither the demands of 
peace nor the demands of war can be 
met unless we possess sea power in the 
broadest sense of the term. Seen in this 
proper perspective sea power emerges 
as the essential base of American policy. 


222 


‘ 
' 
| 


COMPARTMENT AIR TESTING 


TESTING COMPARTMENTS FOR 
TIGHTNESS BY USE OF 
COMPRESSED AIR 


REAR ADMIRAL RALPH E. MCSHANE, U. S. NAVY 


THE AUTHOR 


Educated in public schools, Baltimore, Maryland. 
Graduated from U. S. Naval Academy with class of 1921A. 
Transferred to the Construction Corps in 1924. 


Tours of duty included Bureau of Ships, Naval Shipyards, Supervisor of 
Shipbuilding Office, staff duty with the U. S. Submarine Force, and, during 
World War II, as Logistics Officer for the U. S. Task Force in Europe. 


Commander, Portsmouth Naval Shipyard, Portsmouth, N. H.—1949-1950. 
Presently Director of Planning, Bureau of Ships. 


EDITOR’S NOTE 


The complete article by Admiral McShane is too long for publication in a single 
issue of the JouRNAL. Additional parts, including the two appendices, will appear 
in subsequent issues. 


of 
be 
ace 
lire 
rid 
as 
of 
be 
the 
his 
ges 
cy. 
| 223 


COMPARTMENT AIR TESTING 


PART ONE 
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APPENDICES 


I. Mathematical Analysis. 


II. Probable Accuracy of Past Determinations of Aperture Area. 


SUMMARY 


The importance of adequate compart- 
ment tightness needs no defense. It 
therefore is evident that the methods 
by which tightness is determined should 
be the best which it is practicable to 
employ and a careful survey of the 
methods now in use and suggestions for 
improvement seems desirable. 

The discussion in the following paper 
concerns itself only with the subject of 
the tests of compartments for tightness 
by the use of compressed air. The dis- 
cussion may be more elaborate than 
necessary for the immediate needs of 
the situation but it seems desirable to 
cover all phases of the problem in some 
detail as a matter of record and to pro- 
vide a complete survey as a point of 
departure for any analyses which may 
be made in the future. The following 
specific aspects of the subject are 
discussed : 


I. The mathematical theory upon 
which tightness determinations should 
be based. 


II. The effect of heat transfer as a 
major disturbing influence on the 
accuracy with which tightness has 
been determined in the past. 


III. The specific leakage phenomena 
which occur in practical testing. 


IV.* The accuracy with which 
tightness has been determined in the 
past and recommendations for changes 
to improve accuracy. 


V.* The varying standards of 
tightness which have prevailed in the 
past and which probably still exist. 


VI.* A survey and analysis of past 
and present criteria of tightness and 
the recommendation of a new cri- 
terion. 


* The sections in which these subjects will be discussed will be published in subsequent issues of 


the JourRNAL. 
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A summary of the discussion of each 
of these subjects is given below. 

It is desirable to stress one fact in 
connection with this subject. There is 
no intention in the following discussion 
to advocate that entire reliance be placed 
in any theoretical treatment of the air 
testing problem nor to base standards 
of acceptability solely on observations 
of pressure drop. Instead, it is con- 
sidered that the only satisfactory method 
of judging tightness when air tests are 
employed is a dual process consisting of: 

First, a careful search of all boun- 
daries and fittings in a compartment 
under pressure and the rectification 
of all discernible leaks. 

Second, an observation of the drop 

- in pressure in a given period of time. 

This step should serve to indicate the 
success of the prior search and correc- 
tive work, provide a measure of the 
degree of tightness which has been 
attained and indicate whether further 
corrective work is required. 

In the end, however, the pressure 
drop and the subsequent interpretation 
based on it provide the only certain 
indication that the compartment in ques- 
tion is acceptable. Therefore, a careful 
analysis of the “measurement” of com- 
partment tightness is worthy of con- 
sideration. 

Theory—There is a great temptation 
to ignore theoretical analyses of the air 
testing problem and take recourse to 
empirical solutions. This practice hardly 
seems justified. The laws governing 
the action of air are well established 
and have been proved many times by a 
vast amount of experience. It seems 
desirable, in consequence, not to reject 
these laws completely but to determine 
how they can best be applied to the 
specific problem at hand. The rejection 
of accepted theoretical considerations 
implies, in a sense, the adoption of a 
new theory and it is not unlikely that 
illogical requirements will be the result. 

The original mathematical treatment 
of air testing was given in ref. (a) and 


the methods based on that document 
stood the practical test of many years 
of experience. The analysis made here- 
in is fundamentally the same as that of 
ref. (a). It still assumes that the only 
rational measure of the tightness of a 
compartment is the total area of the 
apertures through which the leakage of 
air occurs and that the basic problem of 
air testing is, in the end, to measure 
that area. There are introduced, how- 
ever, two further developments : 

(a) the past analyses have invari- 
ably assumed that the temperature of 
the testing air would remain sensibly 
constant. The present treatment as- 
sumes that changes in the air tem- 
perature—small though they may be— 
are significant and their effect should 
be embraced in the theoretical equa- 
tions. 

(b) the mathematical manipulation 
of the fundamental equations has been 
carried to a point where the drop in 
pressure or the aperture area, as the 
case may be, can be calculated di- 
rectly from the known compartment 
volume, test pressure, time of obser- 
vation and temperature changes. This 
development—really an extension of 
the method of ref. (b)—makes pos- 
sible a simple graphical solution of 
the problem. 

When the test pressure, the pressure 
drop and the time of observation are 
known simple graphs will determine the 
value of nA/V where: 


A = the “fictive” aperture area, 
ie, cA’ where c is the aver- 
age coefficient of discharge 
and A’ is the true aperture 
area. 

V = the volume of the compart- 
ment. 

n = the “index” of expansion of 
the air within the compart- 
ment. This factor is deter- 
mined by the temperature 
change in the air under the 
specific conditions which 
exist. 
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It is desirable to note that drop in 
pressure is a measure of the value of 
nA/V and not—as popularly supposed 
—a measure of A alone. 


Heat Transfer—In the past it has 
always been assumed that the value of 
n is unity, i.e., that the temperature of 
the compressed air within a compart- 
ment either did not change during the 
period of test or that its change was 
small enough to be neglected. This 
assumption is not necessarily correct. 
In a compartment from which com- 
pressed air is leaking, two distinct 
phenomena occur simultaneously : 


(a) As air leaks through the aper- 
tures the air which remains within 
the compartment is expanding and its 
temperature tends to decrease more 
rapidly than is recognized usually. 


(b) Whenever the temperature of 
the air within the compartment differs 
from that of the compartment bound- 
aries and material within those bound- 
aries, a transfer of heat takes place 
and the temperature of the air under- 
goes a change. The temperature of 
compartment boundaries is subject to 
change of a significant order of mag- 
nitude and thus tends to change the 
temperature of the air within the 
boundaries by a significant amount. 


The net effect of these two actions is 
a change in the temperature of the air 
and a concomitant change in its pressure 
which is not due to leakage. In other 
words, in the general case the value of 
n departs from unity. Pressure drop, 
therefore, is not a measure of A/V but 
is a measure of nA/V and if n is sub- 
ject to substantial and unknown varia- 
tions in practice the correct determina- 
tion of A with even a poor degree of 
accuracy is impossible. 


There is a sufficient amount of theo- 
retical, experimental and practically ob- 
served evidence to suspect that in the 
usual conduct of air tests the value of n 
is subject to wide variations and its 
value, of course, is unknown. If air 


tests are to measure A with only rea- 
sonable accuracy a method should be 
adopted which compensates for the vary- 
ing value of n. 


Leakage Phenomena—It obviously is 
desirable to determine the true value of 
the aperture area in any compartment 
under test. Unfortunately, any theoreti- 
cal analysis involves the introduction of 
an “ignorance” factor “c,” the coeffi- 
cient of discharge. The conditions are 
such that “c” values for the apertures 
which exist in air testing cannot be 
determined directly. In ref. (a) it was 
attempted to overcome this difficulty by 
assuming that the “c” for circular holes 
would apply also to the apertures in air 
testing. By analysis of the only data now 
existing, as given in ref. (d), it is con- 
cluded that this practice is not correct. 
In fact it seems possible to ascertain 
values of c which can be used to deter- 
mine true aperture values. Therefore, 
in this discussion it is proposed to adopt 
values of cA’, which has been dubbed 
the “fictive” aperture, as the measure of 
tightness. 


Accuracy—Any process in which ac- 
ceptance is based on measurement of 
some quantity involves two steps in 
which accuracy is important: 


(a) The assignment of a limit of 
acceptability. The question of toler- 
ances is pertinent here. In general, 
the tolerances should be as small as 
the precision of the measurements to 
be made will permit. 


(b) The measurement of the quan- 
tity. This should be accomplished 
with the best practicable accuracy in 
order that there may be reasonable 
certainty that the acceptable limits are 
or are not being exceeded. 


An analysis of all the factors involved 
in air testing reveals that poor accuracy 
has prevailed in the past in both phases 
of the problem. There is little assurance 
that the “allowable” drops which have 
been assigned in the past promote the 
degree of tightness which was intended. 
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Worse still, the accuracy with which 
tightness has been measured is very 
poor. There really has been no way of 
judging whether a given compartment 
is very much more or very much less 
tight than the recorded data would ap- 
pear to indicate. The principal practical 
importance of this condition lies in the 
fact that, in many cases, corrective work 
may have been undertaken at consider- 
able cost in time and labor because 
inaccurate drop determinations falsely 
indicated the need for it. 

It seems entirely feasible to improve 
the accuracy with which compartment 
tightness may be ascertained by methods 
which will involve a negligible increase 
in cost or effort. The chief sources of 
error appear to be due to two factors: 

(a) Too little precision in the prac- 
tical determination of the drop in 
pressure. 

(b) The indeterminate effect of 
heat transfer which obscures the value 
of pressure drop due to leakage of air 
alone. 

Both these birds may be killed with 
one stone by the use of a differential 
pressure gauge which is described in the 
discussion. The more precise determina- 
tions of pressure drop due solely to 
leakage should produce a number of 
advantages. 

Standards of Tightness—Any com- 
parison of the tightness tests of similar 
ships built at different yards will reveal 
a surprisingly wide disparity between 
the general average of results. It would 
appear that certain yards consistently 
strive for air-tight ships while others 
adhere to the original intention of ref. 
(a) and accept compartments in which 
somewhat lively air leakage exists but 
which are judged to be water-tight. The 
greater effort necessary to attain air- 
tightness is obvious and yards in which 
this standard prevails are penalized by 
added cost. Naturally, the standards 
should be uniform for all yards and the 
question of what these standards should 
be is important. 


It would seem unreasonable to strive 
for air-tight compartments except, pos- 
sibly, in tanks and for the shell of a 
ship. Elsewhere a much less rigid stand- 
ard would certainly appear to provide a 
perfectly adequate degree of tightness. 
Here again, accuracy is a factor. If the 
degree of tightness can be measured 
quite precisely there is reasonable assur- 
ance that efforts may cease when ade- 
quate air-tightness has been attained. 


It would appear to be in the interest 
of uniformity and the elimination of 
work of doubtful value to determine ac- 
ceptable tightness standards and promu- 
gate them to all interested activities. 


Practical Criteria of Tightness—It is 
well known that a compartment need 
not be air tight in order to eliminate 
leakage of liquids. Therefore, in gen- 
eral, a certain amount of air leakage can 
be accepted provided prior search of the 
boundaries has been made and all readily 
discernible leaks have been rectified. 
The question is “How much leakage of 
air can be accepted ?” 


Ref. (a) settled this question in a 
logical fashion but at the expense of a 
great volume of calculations which re- 
quired a major expenditure of time and 
effort. A number of short-cuts have 
been devised to reduce the burden of 
calculations and the present method, 
promulgated in ref. (f), is extremely 
simple and is workable. That method, 
however, is open to several criticisms, 
the most important of which are: 


(a) It is indefinite in the sense that 
no single criterion is applied to a 
given compartment. Instead, a range 
of acceptable drops in pressure is 
applicable in any given case. 

(b) It is based on data which, in- 
evitably, contain large inherent errors 
as previously discussed. The empiri- 
cal criteria, based upon purely sta- 
tistical analysis, incorporates these 
errors into the criteria. The lack of 
a rational basis for analysis results in 
what, in effect, is a false picture of 
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the conditions which actually existed 
in the past. 

(c) The rejection of a rational 
basis for determining a criterion re- 
sults in at least one unreasonable re- 
quirement; i.e., that, for example, a 
compartment tested with an air pres- 
sure of 4 p.s.i. is required to have a 
smaller aperture area than if it had 
been tested at 2 p.s.i. In other words, 
by reducing the test pressure, it is 
easier to get a compartment accepted. 
This is not a logical standard of 
acceptability. 


The proper analysis to determine a 
criterion for tightness which is based 
upon past experience would seem to be: 


(a) Determine the aperture area 
which existed when compartments 
were accepted in the past. It is im- 
plicit that these compartments were 
considered to be satisfactorily tight 
and, presumably, experience has indi- 
cated this to be the case. Therefore, 
such aperture areas are acceptable in 
the future in similar cases. 

(b) Correlate these aperture values 
with some readily determinable char- 
acteristic of the compartments which 
will define their tendencies to leak air 
or, expressed otherwise, which will 
define the practicable requirements for 
air-tightness. The same characteristic 
applied to future compartments would 
define the allowable aperture area. 
The preferable characteristic would 
seem to be the area of compartment 
boundaries but the data on this is not 
readily available for past compart- 
ments. A reasonably satisfactory sub- 
stitute is the compartment volume. 


Therefore, it is proposed that A/V 
be used as a means of judging the tight- 
ness which existed in the past and as a 
criterion for the future. 


The data used in arriving at the 
present criteria, ref. (f), were obtained 
for study. Using the pressure, volume, 
time and drops given therein, the value 
of nA/V was determined and nA versus 


V was plotted. When compartments of 
a given ship type were grouped accord- 
ing to “use,” i.e., all storerooms on one 
plot, all crew spaces on another, etc., a 
reasonably orderly variation of nA with 
V is apparent. On the basis of this 
analysis it seems entirely satisfactory 
to assign a given value of nA/V to 
represent the practicable limit of air 
leakage which, being acceptable in the 
past, is acceptable in the future. Of 
course, the indeterminate value of N 
which existed in past tests cannot now 
be evaluated and it must be accepted 
that, probably, the average value for the 
large number of tests studied represents 
the average which will exist in the 
future. 


On the basis of the analysis of past 
tests described above, definite values of 
nA/V are proposed as the basis for 
judging acceptable tightness. For ex- 
ample, for Cruiser Crew Space Comple- 
tion Tests a “limiting” nA/V value of 
14 x 10° is proposed. The complete 
scheme of judging adequate tightness 
then would consist of: 

(a) Using appropriate diagrams, 
and knowing the assigned test pres- 
sure and limiting nA/V value, the 
corresponding “allowable” drop would 
be ascertained directly. 

(b) The compartment in question 
would be searched thoroughly while 
under pressure and all discernible 
leaks corrected. 

(c) The drop would then be ascer- 
tained and, if equal to or less than 
the “allowable” value the compart- 
ment would be accepted immediately. 
No attempt would be made to obtain 
an air-tight compartment. 

(d) If the drop were greater than 
“allowable” further search would be 
made to discover and rectify leaks 
which previously had been overlooked. 
If it appeared impracticable to attain 
the “allowable” drop, as will happen 
in a few cases, the compartment is 
“extraordinary” and the test data 
would be referred to higher authority 
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for consideration. Its acceptability 
may be judged in one of several ways: 

(1) it may be accepted arbitrarily 
on the assumption that it has been 
made as tight as practicable. 

(2) a new “allowable” drop may 
be calculated by the method of ref. 
(a), although this procedure is 
undesirable. 

(3) the compartment may be 
compared with nA/V values which 
existed in the past in “extraordi- 
nary” cases. Definite values are 
given in.the discussion. 

(4) it seems possible to develop 
a simple criterion of “extraordi- 
nary” spaces solely on the basis of 
the number of electric cables which 
pierce the boundaries. However, if 
this is feasible the data must be 


gathered in the future. 

For the present it seems advis- 
able to adopt the method in (3) 
above. 


(e) At the conclusion of the testing 
program, simple charts of the data 
would be submitted to a _ central 
agency as a means of judging the 
tightness attained and to provide data 
for quickly revising the limiting 
values of nA/V. 

The method proposed here is equally 
as simple to apply as the one now in 
use. It has the added advantages of 
being based on rational considerations 
and thereby represents truly the condi- 
tions which existed in the past. Further- 
more, it is specific in its application to a 
given compartment and promotes uni- 
formity of tightness standards. 


I. INTRODUCTION 


Compartments are tested under pres- 
sure for two reasons: 
(a) To determine whether the 
structure possesses adequate strength 
to withstand the designed loading. 
(b) To assure that leakage does 
not take place when the space is filled 
with liquids in normal practice or is 
flooded due to damage or accident. 
It is with the second phase only that 
this discussion deals. 

In the final analysis the tightness of 
a compartment can be determined with 
certainty only by filling it with the fluid 
it is expected to contain. Thus, for the 
majority of compartments, which are 
required to be water-tight, water is the 
most reliable testing medium. However, 
in many cases it is desirable from the 
standpoint of rapidity to employ a sub- 
stitute testing medium; in other cases 
where material would be damaged by 
water it is necessary to use a substitute. 

Compressed air has many advantages 
as a fluid for determining the tightness 
of compartments. 


(a) It is “searching” and will 
escape through minute apertures. 


(b) It provides a rapid and flexible 
means of testing. If compartments 
must be made tight from the inside 
they may be searched initially under 
low pressure by a man inside the 
compartment. If, after examination 
from outside, a compartment under 
air pressure reveals the need for 
further work on the inside the pres- 
sure can be dropped rapidly, the cor- 
rective work performed and the test 
pressure again applied with small loss 
of time. Water tests in the same cir- 
cumstances are slow and relatively 
costly. 

(c) Air will cause no damage to 
installed material which would be 
damaged by liquids. 

(d) A compartment tested with air 
requires no cleaning and drying after 
the test is completed. 

With any testing medium there are 
two fundamental methods of ascertain- 
ing tightness: 
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(a) Sources of leakage may be 
sought by searching the boundaries. 
When air is the testing medium, leaks 
may be found by sound, feel, the move- 
ment of a flame or by applying a soap 
solution. Regardless of the medium 
employed, this method does not guar- 
antee that all leaks have been dis- 
covered and corrected. 

(b) The degree of tightness may be 
inferred by observing the loss in the 
quantity of the testing medium. With 
air the loss is indicated by a drop in 
the air pressure. This method, of 
course, gives no clue to the location 
of leaks but it does indicate whether 
further corrective work is necessary. 


In view of the great importance of 
adequate tightness both methods have 
been employed, each acting as a check 
on the other. Where compartments are 
tested by air there is no inherent visible 
evidence of leakage and the drop in 
pressure is, in the end, the most reliable 
indication of adequate tightness. 

The magnitude of the drop in pres- 
sure in itself is no measure of tightness. 
This fact must be stressed because too 
often its importance is neglected. Tight- 
ness must be judged by the area of the 
apertures which exist in a given com- 
partment and drop alone will not indi- 
cate this area. Intuitively it is clear that 
for a hole of a given size the drop will 
increase with test pressure and time of 
observation and decrease as the com- 
partment volume increases. Thus, a 
given drop means nothing until it is 
translated into aperture area for the 
given conditions of test pressure, time 
and volume. 


Clearly, the small apertures existing 
in ship compartments cannot be meas- 
ured directly; they must be inferred on 
the basis of theory from the drop obser- 
vations and the other known conditions. 
It is important to stress this fact because 
in air testing the correctness of the 
theory employed and the proper methods 
of its application are vital factors in the 
problem. 


Theoretical considerations sometimes 
are brushed aside in favor of empirical 
solutions and in one analysis of air 
testing the statement was made that: 
“the technique of compartment testing 
does not appear to approximate labora- 
tory conditions with sufficient similarity 
to permit the application of Charles’ and 
Boyle’s laws without a judicious choice 
of empirical constants.” This viewpoint 
will not stand the test of logic if it is 
employed to justify the complete rejec- 
tion of theory. Clearly, whether it is 
used in the laboratory or in a ship’s 
double bottom, air still obeys the theo- 
retical laws which have been proved by 
years of experience. If experience in 
air testing seems not to indicate this 
fact the proper approach should be a 
critical survey of the application of the 
theoretical laws. To ignore the theory 
which has been applied successfully in 
other fields and turn to purely empirical 
studies really implies an attempt to 
develop a new theory. 


Past Solutions—The original theory 
and the methods of its application as 
given in ref. (a) is a sound approach 
to the problem and the number of years 
during which it was successfully em- 
ployed attests to its general correctness. 
This method, however, involves a con- 
siderable amount of calculation and in 
the years following its adoption various 
expedients were adopted to reduce the 
labor. One such scheme was promul- 
gated in ref. (b). Basically, the method 
of ref. (b) was the same as that of ref. 
(a); the difference lay in the presenta- 
tion of the same data in a somewhat 
handier form. 


As time passed certain discrepancies 
in references (a) and (b) were pre- 
sumed to have been noticed. In particu- 
lar, it was assumed that the standards 
of ref. (a) were too generous for more 
modern construction and, possibly, the 
theoretical treatment or the experimental 
constants employed were not correct. 
Consequently, in ref. (c) the Norfolk 
Navy Yard was requested to investigate 
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the entire problem to determine new 
criteria for tightness testing by air. 
The results of the ensuing tests were 
reported in ref. (d) which did not pro- 
pose any new basic ideas but did provide 


new statistical data. It is not clear that 


any of the proposals made in ref. (d) 
were actually adopted. There is some 
evidence that certain of the statistical 
data were put into general use—a prac- 
tice, incidentally, which would have 
created errors of considerable size inas- 


data were not applicable 


unless the entire scheme of ref. (d) 
was adopted. 


At any rate, experience continued to 
indicate that results being attained in 
practice were far better than were con- 
templated by ref. (a) and, despite the 
labor involved in that method, its stand- 
ards of tightness were presumed to be 
too generous. 


In order to improve conditions the 
Bureau, in ref. (e), requested the Phila- 
delphia Navy Yard to undertake a new 
analysis of the problem with the ob- 
jects of: 

(a) Exploring the possibilities of 
devising new criteria which would 
reflect the results attained in practice. 

(b) Developing a method of assign- 
ing “allowable” drops without the 
relatively slow and laborious calcula- 
tions which previously had been re- 
quired. 

As a result Philadelphia analyzed the 
results of air tests on a large number of 
ships and, rejecting all theoretical con- 
siderations, proposed a purely empirical 
criterion based on data applicable to the 
specific ships which had been studied. 
The proposed method was adopted by 
ref. (f) and is now in effect. 


In addition to the formal investiga- 
tions outlined above it appears that 
many other analyses of the air testing 
problem have been made and a number 
+f short-cuts have been devised. Some 
of the methods appear to have had firm 
theoretical bases, others have not been 
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quite as rational but, at any rate, the 
number of investigators indicates the 
probable importance and the certain fas- 
cination of the question. The following 
discussion is only the latest in a long 
line of analyses. 


Proposed Methods—It is considered 
that certain of the assumptions which 
have been made in the development of 
past theories result in errors of unde- 
sirable magnitude in the practical ascer- 
tainment of compartment tightness. On 
the other hand, the complete rejection 
of a theoretical basis for analysis as was 
done in the development of the present 
criteria is not satisfactory and, despite 
the seemingly increased rigor of these 
new standards, there still exist impor- 
tant inherent errors. Furthermore, it 
is considered that the present testing 
methods, regardless of the theory in- 
volved in the development of criteria, 
are too inexact for practical use and 
that a great deal of useless but costly 
and time-consuming labor may be ex- 
pended as a result. Therefore, the fol- 
lowing discussion embraces: 


(a) A re-examination of the funda- 
mental theory ; analysis of the assump- 
tions made in past theories; recom- 
mendations for new approach to the 
theoretical problem. 


(b) The disclosure of simple graph- 
ical solutions of the theoretical equa- 
tions which provide an immediate 
solution without arithmetical calcula- 
tions. 

(c) An analysis of the large prob- 
able errors which have existed in past 
determinations of compartment tight- 
ness. Practical methods for more pre- 
cise determination are proposed. 


(d) An examination of the varying 
standards of tightness which probably 
have existed between building yards. 

(e) An analysis of the various 
criteria for criticizing the results of 
1ir tests. A rational and simple analysis 
of the results of past tests is made 
and, hased upon it, specific criteria 
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are proposed to replace those now in 
effect. 


The discussion probably is more com- 
plete and detailed than is necessary for 
the immediate purposes in view but the 
amplification is considered desirable in 
order to justify the adoption of new 


ideas. Without doubt there will be dis- 
agreement with many of the statements 
made but, insofar as possible, these 
statements have been based on statistical 
data which are included in the discus- 
sion, and dissenters may draw their own 
conclusions from the data. 


Il. THEORY 


The problem—The purpose of tight- 
ness air tests is to determine whether a 
given set of boundaries will prevent the 
leakage of liquids to the adjacent spaces. 
Leakage can take place only if apertures 
exist and the problem becomes a dual 
one of: 

(a) a simple qualitative question of 
whether or not any apertures exist. 
The answer to this query when air is 
the testing medium is not always as 
readily ascertained as may seem, at 
first glance, to be the case. 

(b) If apertures do exist it is very 
desirable to determine their collective 
area in order to judge whether or not 
corrective action is required. 


The first question is answered, in 
general, by an actual search which will 
reveal gross air leakage but may miss 
minor apertures. In any event the aper- 
tures are so small that their area cannot 
be measured directly. It becomes nec- 
essary, then, to infer the area from 
measurements which are practicable and 
on the basis of theory. Inasmuch as 
theory is the basis of the inference it is 
necessary to subject it to critical 
analysis. 


General statements—The mathematics 
of air test theory are not of general 
interest and consequently have been 
relegated to Appendix I* wherein all the 
assumptions which have been made and 
the detailed development of equations 
are set forth as a matter of record. 
The methods used in Appendix I may 
not win the approval of competent 


mathematicians but the equations which 
have been evolved are believed to be 
satisfactorily accurate for practical use. 
The following discussion is merely an 
outline of the development of the theory, 
the evolution of the equations and their 
significance in order to form a basis for 
subsequent discussion of practical con- 
siderations. 

There is little originality in Appendix 
I. Essentially, its contributions are: 

(a) the rejection of the assumption 
that the temperature of the com- 
pressed air in a compartment under 
test will remain sensibly constant. 
Instead, it is assumed that it will 
change during the period of the test 
and that the effects of such change 
should be embodied in the equations. 
The question of importance is whether 
the effect of temperature changes is 
of significant magnitude. 

(b) the methods used are entirely 
analytical instead of incorporating 
graphical devices as part of the mathe- 
matical development. This facilitates 
explanations and analysis of the ef- 
fects of various factors. It also facili- 
tates criticism. 

(c) the development is carried to 
a point where the equations are sus- 
ceptible of simple and rapid numerical 
solution by graphical or mechanical 
methods—a feature lacking in_ pre- 
vious methods. 
The equations reproduced in the fol- 

lowing description are identified by the 
number used in Appendix I. 


* Epitor’s Note: Appendix 1 will be published in a later issue of the JourNaL. 
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The solution—The compressed air in 
a compartment under test may be con- 
sidered a “perfect” gas and mathemati- 
cal analysis of the phenomena may be 
made on the- basis of the laws which 
apply to such gases. 


In the general case the compressed 
air in a given compartment undergoes 
the following changes: 

(a) its mass decreases as a result 
of leakage through the apertures to 
the atmosphere. 


(b) the temperature of the air 
changes due to the simultaneous 
effect of: 

(i) the expansion resulting from 
leakage. 

(ii) the heat transfer between 
the boundaries of the compartment 
(and the material within the bound- 
aries) and the compressed air. 

At any given instant the compressed 
air conforms to the fundamental gas 
law: 


pV = RWT (1) 
where 
p = the instantaneous absolute pres- 
sure 
V = the instantaneous total volume 
of the air 
R = a constant 
W = the instantaneous total weight 
of the air 
T = the instantaneous absolute teimn- 


perature of the air. 


For a given compartment V is con- 
stant; therefore, an air test, in general, 
is marked by a changing pressure, 
weight and temperature. If two of the 
variables can be expressed in terms 
which can be measured or safely as- 
sumed, the third can be calculated from 
equation (1). 


On the basis of the common equations 
of air flow through an orifice and with 
suitable assumptions the weight of the 
air at any instant can be expressed 
W = W, — BcAt [1 — E (cA/V) t] 

(18) 


where 
W, = p,V/RT, the weight at the 
start of the test. 
B and E are constants depending on 
the “test” pressure, i.e. the 
pressure at the start of the test. 


c = the coefficient of discharge in 
the apertures. 
A the area of the apertures. 


t = the elapsed time. 

Based on the common equations for 
heat transfer, and with suitable assump- 
tions to fit practical conditions, the 
change in air temperature during the 
course of the test can be expressed 

y = Na+Pmt — NFcA/Sh (26) 
whence 

T=T,+y (26c) 
where 

T, = the initial temperature of the 

compressed air. 

y = the change in temperature. 

N and P are constants in a given case 

and are dependent on p,, t and 
S/V; the latter being the ratio 
of the compartment surface area 
to its volume. 

F is a constant dependent only on p,. 

a = the temperature difference be- 

tween the compressed air and 
the compartment boundaries at 
the start of the test. 

m = the rate of change in tempera- 

ture of the boundaries. 

S = the area of the compartment 

boundaries. 

h = the coefficient of heat transfer. 

By substituting equations (18) and 
(26c) in equation (1) and making suit- 
able transformations, the following eqa- 
tion is evolved: 

d = D(cA/V) t [1—E(cA/V) t] 

Oy (29) 
where 

d = the drop in pressure, i.e., d is 

positive for a decrease in pres- 
sure. 

D, E and Q are constants depending 

on the test pressure alone. 

Within the limits of the assumptions 
equations (26) and (29) are exact rep- 
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resentations of the phenomena. Appen- 
dix I includes calculations made with 
these equations to show the probable 
extreme conditions encountered in prac- 
tical air testing. It may be concluded, 
if the analysis in Appendix I is accept- 
able, that temperature changes are of 
practical importance and that the pres- 
sure drop alone is an unreliable basis 
for inferring the aperture area. 
Equations (26) and (29) may fur- 
ther be modified to produce an equation 
of greater utility by assuming that dur- 
ing the progress of the test 
pv" = p,v", 
Where 
v = the specific air volume in cu. ft. 
per lb. The subscript “1” indi- 
cates values at the start of the 
test. 
n = a constant depending on the 
pressure drop and the tempera- 
ture change in the time t. 
By manipulating the various equations, 
the result is 
d = Dn(cA/V)t [1—E(cA/V)t] 
(32) 


And, finally, this equation can be ap- 
proximated with satisfactory accuracy 
by 

d = (35) 

Where M is a function of p,. The 
virtue of this equation is that it is a 
form suitable for quick solution by 
simple methods. 

Except at very low pressures and for 
long periods of time it is sufficiently 
accurate to consider E(cA/V)t to be 
zero and to represent equations (32) 
and (35) as 

d = Dn(cA/V)t (33) 
This form will be used in much of the 
subsequent discussions. 

Lest the profuse mathematics of Ap- 
pendix I appear too impressive, let it be 
said promptly that equation (33) is 
merely the equivalent of the “K” curve 
of reference (b) for, if n is taken to be 
unity (the proper value if the tempera- 
ture remained constant) 

‘Dic 


It may be noted here that the “K” 
curve of ref. (b) is quite inexact. It 
was prepared on the perfectly tenable 
assumption that the rate of change of 
pressure is sensibly constant for the 
relatively small drops and_ relatively 
short periods of time which are usually 
encountered in practice. However, in- 
stead of employing the rates of change 
in pressure already embodied in Curve 
A of ref. (a), the values used in ref. 
(b) were obtained from the “pressure 
versus time” curve of ref. (a) by taking 
the average rates for pressure drops 
which were vastly greater than are ex- 
perienced and for which the rate of 
change is far from constant. This error 
is typical of others which have been 
made in various analyses of air testing 
where conclusions are reached too has- 
tily on the basis of plausible (but incor- 
rect) assumptions, inadequate investiga- 
tion or misinterpretation of facts. 

Aside from the inclusion of n to rep- 
resent the effect of temperature changes, 
the advantage of equation (32) and its 
equivalent, equation (35), is that they 
make possible the presentation of the 
air testing equations in graphical forms 
which, compared to former methods, are 
more complete in scope, are more exact 
and are handier to use. The graphical 
solutions eliminate the need for much of 
the calculation which was a major 
source of criticism in the past. 

The practical problem is two-fold: 

(a) Knowing cA, V, p, t and n, 
to determine d. This is the problem 
of assigning “allowable” drops on the 
basis of “allowable” apertures. 

(b) Knowing d, V, p, t and n, to 
determine cA. This is the problem 
of inferring the aperture area on the 
basis of the “observed” drop in a 
given case. 

The simplest form of graphical solu- 
tion (not the most rapid to use, how- 
ever ) is shown on a semilog plot of pres- 
sure drop against test pressure (gauge). 
The objectionable feature here is that the 
coordinates are ratios and further cal- 
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culation is necessary. A complete chart 
solution is described in Appendix I, 
which eliminates all calculation but its 
employment may be somewhat confusing 
and it does not afford the most rapid 
solution. The slide rule described in the 
Appendix is, by all odds, the most de- 
sirable device. It is not difficult to use 
and its construction is simple. The use 
of a similar rule in past years would 
have saved a vast amount of calculation 
and might have promoted the earlier 
adoption of revised methods for criti- 
cizing compartment tightness. 


Reverting to the fundamental problem 
—that of determining the aperture area 
—equation (33) may be written 


A = (1fn) (1/c) (V/Dt) d 
The factor D depends only on the test 
pressure and thus always is known; V, 
t and d are measured quantities. Before 
A can be determined, however, the 
values of n and c must be ascertained. 
Both quantities are subject to wide vari- 
ation in practice and their significance 
is believed sufficiently important to war- 
rant separate discussion. 


Ill. HEAT TRANSFER 


Past analyses of the air test problem 
have been based on the assumption that 
the temperature of the testing air either 
did not change or that the change would 
be small enough to be neglected. This 
is a tempting assumption. It is true that, 
judged by the magnitude of the tempera- 
ture changes of ordinary experience, 
those which occur in the compressed air 
during the period of the usual compart- 
ment test are very small. In passing, 
however, it is interesting to note that 
the changes in pressure which are con- 
sidered significant also are very small. 
For instance, a drop of % oz. at a test 
pressure of 2 p.s.i. (gauge) constitutes 
a change in absolute pressure of only 
0.2 of 1 percent. Pressure changes, 
though, are measured by manometers 
which are quite sensitive instruments ; 
small changes in pressure are observed 
with considerable accuracy and we grow 
accustomed to them. Small but signifi- 
cant temperature changes, on the other 
hand, are not likely to be detected readily 
by the usual types of thermometers. 
There is rather general agreement 
among experienced personnel that tem- 
perature changes do occur, and the 
inter-relation between temperature and 
pressure is generally recognized, but the 
temperature question usually is dis- 
missed on “intuitive” grounds as being 
of no practical importance. The follow- 


ing discussion is not conclusive of the 
fact that significant temperature changes 
do occur because there seems to be no 
direct evidence in existence but there 
will be produced a number of facts 
which, in their entirety, seem to build 
up a pretty good case of circumstantial 
evidence. 


Fundamental phenomena—The change 
taking place in the air within a leaking 
compartment can best be explained by 
an analogy. Consider a perfectly air- 
tight tank fitted with a valve to control 
the escape of air. Assume that the in- 
side of the tank is perfectly insulated 
in the sense that no heat can be ex- 
changed between the tank structure and 
the air within the tank. Let the tank 
now be charged with compressed air 
at the same temperature as the tank 
boundaries, 60° F (520° absolute). 


(a) Now crack the valve and allow 
air to escape for a period of time; 
then close the valve. The mass of air 
remaining in the tank after the valve 
is closed now fills the tank; whereas 
initially it occupied only a portion of 
the tank volume; i.e., the air has ex- 
panded. Since the tank boundaries are 
perfectly insulated the expansion has 
been adiabatic and the air temperature 
will have fallen according to 


T/T, = (p/p, 
where temperatures and pressures are 
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absolute values. The following sur- 
prisingly large decreases in tempera- 
tures in degrees F per oz. pressure 
drop will take place: 
Initial pressure 

°F fall per oz. drop 

in pressure 0.6 05 04 03 
Thus, the temperature of the air, in 
general, will differ from that of the 
tank structure. 


(b) At this point consider that the 
insulation is removed from the inside 
of the tank. In general, the tempera- 
ture of the air and of the boundaries 
will differ and an exchange of heat 
will take place tending to bring the 
temperature to a common value. Three 
situations may exist: 


(i) If during the period air was 
escaping the temperature of the 
tank rose, stayed steady or did not 
decrease as much as that of the air, 
the temperature of the air will rise 
and its pressure will increase. If 
the temperature of the tank bounda- 
ries rose sufficiently, the air tem- 
perature could increase to a degree 
where the pressure would be equal 
to or even greater than the initial 
pressure. 


(ii) If the tank temperature had 
decreased the same amount as the 
air temperature, no heat transfer 
would occur and the pressure of the 
air would remain steady. Its tem- 
perature, however, would be lower 
than it was originally. 


(iii) If the tank temperature fell 
sufficiently, a transfer of heat from 
the air would take place, its tem- 
perature would further decrease and 
its pressure would decrease below 
the value existing when the valve 
was closed. 


Thus the change in air pressure alone 
is not a measure of the loss of air due 
to leakage; heat transfer also affects the 
pressure. The heat transfer described 
here takes place while the air remains 


at constant volume and 

T/T, = p/P: 
The following significantly large changes 
in pressure in ozs. per sq. in. per degree 
F change in air temperature would take 
place: 

Initial pressure 

(p.s.i. gage) 
Ozs. per degree F 0.5 0.7 08 1.0 
In practice the phenomena described 

separately above are taking place simul- 
taneously. The final temperature and 
pressure of the air depends on the net 
effect of both leakage and heat transfer. 
But is heat transfer a practically dis- 
turbing influence? The question will be 
discussed in the following phases : 

(a) The factors which create and 
affect heat transfer. 

(b) A theoretical analysis of the 
problem from which are drawn some 
tentative conclusions of the practical 
conditions. 

(c) Practical evidence to support 
the belief that heat transfer creates 
significant aberrations and to roughly 
confirm the theoretical analysis. 

(d) The probable situation existing 
in practical air tests. 

Factors in heat transfer—Heat trans- 
fer is a matter depending on tempera- 
ture difference. It is clear that a differ- 
ence tends to be created merely by the 
fact that air leaks from the compartment 
but it can also be created if the tempera- 
ture of the compartment boundaries and 
of the material installed within the 
boundaries undergoes a change during 
the test. Unless they are independent 
sources of heat (a situation which 
should not exist) the materials installed 
within the boundaries receive heat only 
from the boundaries. Thus, conditions 
which serve to change boundary tem- 


, peratures are the key to the situation. 


The boundaries of a given compart- 
ment cannot be considered as isolated 
structure; they are part of the entire 
ship’s structure and fluctuate in tem- 
perature—not necessarily uniformly— 
with the changes in the entire structure. 
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Heat is constantly being added to the 
ship by rivet heaters, welding arcs, gas 
torches, steam coils, electric current and 
other independent sources. Structure 
exposed to direct rays of the sun re- 
ceives, during daylight hours, large 
quantities of heat and undergoes rela- 
tively large temperature increases due to 
solar radiation. Simultaneously heat is 
being extracted from the ship by radia- 
tion and conduction to the atmosphere 
(in regions where ambient temperature 
is lower), to ways structure, to the 
water when the ship is afloat, etc. None 
of these sources of added heat nor the 
reservoirs which extract heat are con- 
stant in their effect and the net result 
is undoubtedly a constant fluctuation of 
boundary temperature which probably 
varies in character depending on a great 
number of factors. For a given com- 
partment under test it is conceivable 
that the changes in boundary tempera- 
ture are affected by whether or not the 
boundaries are directly exposed to the 
sun, or their proximity to structure 
which is; the presence and character of 
insulation ; the quantity and kind of ma- 
terial within the boundaries, and the 
size and character of faying surfaces. 


It is probable that the effect of atmos- 
pheric temperature (independent of the 
effect of direct solar radiation) is a 
major factor. So far as a given ship is 
concerned the atmosphere is an infinite 
source or sink for heat transfer depend- 
ing on whether the ambient temperature 
is above or below that of the structure. 
Inasmuch as heat transfer between the 
air and metal takes place at a lively rate 
it is likely that, other sources of heat 
being remote, the boundary temperature 
will follow the atmospheric temperature 
rather closely and, particularly for 
compartments adjacent to the ship’s 
envelope, the atmospheric temperature 
change is an important factor. These 
changes are greater than is commonly 
realized. The attached graphs, Figs. 1 
and 2, show data for the Philadelphia 
area taken from the Weather Bureau 


records for October to December, 1942 
and January to September, 1943. There 
are plotted 


(a) for each quarter of the year 
faired curves showing the range of 
hourly temperature changes for each 
hour of the day. 


(b) for each quarter of the year 
the “distribution” of recorded changes 
for selected daylight hours, viz. 0800, 
1200 and 1600. As would be expected, 
this distribution is approximately the 
curve of probability with a high fre- 
quency of an average value and 
rapidly decreasing frequencies of 
changes greater and less than average. 


While these data are for a particular 
region during a particular period of 
time, the fact that they show changes in 
temperature make it seem likely that 
they are qualitatively representative of 
general conditions and possibly are rea- 
sonable quantitative pictures. At least 
certain characteristics which are inter- 
esting are apparent. 


(a) Fall and winter conditions are 
approximately the same in character 
and differ considerably from spring 
and summer conditions. 

(b) The greatest rises in tempera- 
ture seem more likely in winter, but 
the average rises in summer are 
greater. 


(c) The range of most likely tem- 
perature changes during daylight 
hours is greatest in summer. This 
situation leads to an interesting specu- 
lation. Suppose a test gang started to 
test a compartment at 0800 on a sum- 
mer day when nature was against 
them. Their first observation exceeds 
the allowable drop. They’ve had some 
benefit from a moderately rising tem- 
perature but they are not aware of it. 
They search for, find and correct some 
leaks. They observe the drop again 
but now the temperature doesn’t rise 
as rapidly; the drop still exceeds the 
allowable and they start the cycle 
again. If toward the end of the day 
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they encountered a sharp decrease in At any rate boundary temperatures 
temperature it is conceivable that they probably vary in a practicably unpre- P 
would encounter a larger drop than  ‘lictable fashion. Whether the variation 
they had started the day with. Next is important depends on its effect in the kt 
morning, without having done any of i 
more work, a sharply rising tempera- Theoretical analysis—In Part I the te 
ture might solve their entire problem. “air test” equation has been stated to be th 
Perhaps such things never happen, d = Dn (cA/V)t (33) i ” 
but it may be useful to investigate the The “n” in this equation depends on the je 
possibilities and probabilities. value of the pressure drop and the ‘ E 
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change in air temperature during the 
test. Thus, “n” is largely dependent on 
heat transfer and it will have the fol- 
lowing characteristics in various situa- 
tions: 


(a) if heat transfer to the com- 
pressed air is sufficiently large n will 
be negative and, therefore, d will be 
negative, i.e., the pressure will rise 
despite leakage. 

(b) a somewhat lesser heat transfer 
will produce a value of n = o and 
there will be no pressure drop despite 
leakage. 

(c) a still lesser heat transfer to 
the air will result in a value of n 
between zero and unity; the drop will 
be less than that due to leakage alone. 

(d) if there is no heat transfer 
n = 1 and the drop is due solely to 
leakage. 

(e) if the heat transfer is from the 
compressed air n will be greater than 
unity and the drop will be greater 
than that due to leakage alone. 

A convenient viewpoint to clarify the 
significance of n is revealed when equa- 
tion (33) is written 

n = d/[D(cA/V)t] 
It will be noted that D(cA/V)t is the 
drop which would exist if there were 
no heat transfer and leakage alone were 
responsible. Therefore, n is the ratio 
between the actual drop and the “leakage 
drop.” 

The important fact is that the value 
of A cannot be ascertained unless n is 
known. 


The value of n is dependent upon the 
test pressure, the duration of the test, 
the surface area and volume of the com- 
partment, the aperture area and coeffi- 
cient of discharge, and the boundary 
temperature conditions. All of these 
factors are widely variable in practice 
so, probably, the value of n will vary 


from test to test. In order to get an idea 
of the probable range of n Appendix I 
contains calculations intended to show 
the extreme conditions. The extremes 
of the various factors have been taken 
to be 


(a) Compartments—a small one 
8’ x 8’ x 8’ with a volume of 512 cu. 
ft. and a surface area of 384 sq. ft. 
giving an S/V = 0.75. A large one 
of 16’ x 24’ x 60’ having V = 23,040, 
S = 5,568 and hence S/V = 0.24. 

(b) Period—all tests are assumed 
to be for 10 minutes. 


(c) Test pressures—a low of 1 p.s.i. 
gauge representing the lower values 
for completion tests and a high of 
10 p.s.i. gage representing the higher 
pressured strength and tightness tests. 

(d) Apertures—a small one suffi- 
cient to produce a drop of about 0.2 
oz. at 1 p.s.i. gage if n were unity and 
a large one sufficient to produce a 
drop of 2 ozs. at 10 p.s.i. gage if n 
were unity. 


(e) Boundary temperatures — It 
will be noted from the data on atmos- 
pheric temperature changes previously 
given that during daylight hours 
(when almost all tests are conducted) 
the hourly change in temperature may 
be between about +8° and —4°. It 
must be remembered that the changes 
in a period less than an hour may be 
at a greater rate. Thus, the average 
maximum change in 10 minutes will 
be not less than +8/6 and —4/6 
respectively. Merely on the basis of 
atmospheric changes alone and neg- 
lecting the other factors which serve 
to change boundary temperature it 
seems not unreasonable to assume that 
the extremes of “a” would be +0.2°F 
and —0.2°F and of “m” would be 
+0.02°F per minute and —0.02°F 
per minute. 
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With these conditions the calculated values of n are as shown in the following table. 


t 10 mins. 
\ 512 23,040 
A small large small large 
p 1 10 | 1 10 1 10 1 10 
a=+0.2 m=-+0.02 
| 
n | 0.4 0.9 | 1.0 1.2 0.9 1.2 ‘2 1.3 
a=0 m=0 
| | 
a=—0.2 m=-—0.02 
| 
n | | 1.4 | 1.4 
| 


On the basis of these figures it may 
be inferred that n will vary over a wide 
range in practice and that the prior 
implicit assumption that n was unity 
may have led to large errors in the 
criticism of compartment tightness. But 
all the foregoing data have been evolved 
on the basis of theoretical mathematics 
and of possibly tenuous assumptions. It 
is necessary to look for further evidence 
based on observation. 


Practical evidence of heat transfer— 
The personnel regularly engaged in air 
testing are very familiar with certain 
heat transfer phenomena and, though 
their explanations of causes frequently 
are incorrect, they are well aware of 
the effects. One phenomenon of which 
all test gangs naturally are cognizant is 
the rapid drop in pressure which occurs 
immediately after the test pressure is 
applied initially and the supply of com- 
pressed air is stopped. This effect 


usually is attributed to the deflection of 
the compartment boundaries, the press- 
ing out of convex buckles in plating or 
the slow seepage of air into the crevices 
in faying surfaces, cables, etc. The sub- 
sequent intermittent introduction of 
more compressed air to maintain the 
test pressure is sometimes called “pack- 
ing” in the belief that air is a substance 
like sand which must be “packed” into a 
space in order to fill it completely. 


Actually, the need to “pack” a com- 
partment is due to a heat transfer phe- 
nomenon. When compressed air is first 
admitted to a compartment the original 
mass of atmospheric air is compressed. 
In effect, the new compressed air acts 
as a piston to compress the original 
mass of air, the temperature of which 
is thereby increased. Of course the cold 
air from the compressed air hose mixes 
with the original air and serves to re- 
tard the rise in temperature. The ner 
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TIME - MINUTES 


$33 


18 20 22 24 26 28 30 2 3 


TIME - MINUTES 


final effect, however—despite a wide- 
spread and firmly held belief to the con- 
trary—is an increased temperature 
which, in general, is greater than that 
of the boundaries. Immediately the in- 
troduction of compressed air is stopped, 
the temperature of the air in the com- 
partment commences to decrease be- 
cause of the transfer of heat to the 
boundaries and, as a consequence, the 
pressure falls. The introduction of more 
compressed air tends to increase the 
temperature again and the cycle is re- 
peated. This effect was demonstrated 
by the tests reported in ref. (d) to deter- 
mine the length of time required to 
“stabilize” the test pressure. It was 
again demonstrated by a test made at 
the New York Shipbuilding Corpora- 
tion in which temperatures and pres- 
sures were recorded more carefully and 
completely than in the tests mentioned 
above. Because the phenomena revealed 
in these tests are typical of all compart- 
ment tests, the latter experiment will be 
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described completely as a matter of 
interest. 


The compartment tested was a maga- 
zine. The deck, the overhead, both 
transverse bulkheads and the port longi- 
tudinal bulkhead were insulated with 
cork slab; the starboard longitudinal 
bulkhead was not insulated, it being a 
partition between two magazines. Ther- 
mometers were located as shown on the 
accompanying graph to indicate the 
following temperatures : 

(a) The ambient temperature by 
thermometer #1 read at intervals of 
1 minute. 

(b) The temperature of the non- 
insulated bulkhead by thermometer 
#2 which was “puttied” to the bulk- 
head. It was attempted to insulate 
this thermometer from the ambient 
atmosphere by carrying the putty well 
up the stem of the thermometer. Read- 
ings were made at 1 minute intervals. 

(c) The temperature of the air 
within the compartment at levels near 
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the deck, at the mid-point and near 
the overhead by thermometers #3, 
#4 and #5. These thermometers 
were read by an observer within the 
compartment in the order 3—4—5—4 
—3 at 30 seconds intervals. 
The compartment air test fitting was in 
bulkhead 25 about opposite to ther- 
mometer #4. The pressures were 
taken at 1 minute intervals by an ordi- 
nary mercury gauge. The readings were 
correlated by stop-watches inside and 
outside the compartment. The ther- 
mometers had been calibrated previously 
and the temperatures were corrected 
readings. The temperature determina- 
tions may be presumed to be correct 
within % degree, the pressure readings 
within % oz. 
The following phenomena are of 
interest : 

(a) The pressure was built up to 
2 p.s.i. gauge in the interval between 
1 and 5 minutes. In the same period, 
thermometers 3, 4 and 5 recorded the 
same rate of rise although it must be 
remembered that with such a rapid 
rise of temperature the thermometers 
would “lag” and record something 
less than the true increase. (Ther- 
mometer 5 was not read at the 5 
minute point and the reading plotted 
on the graph is assumed). The indi- 
cated rise is about 4%4 degrees. 

(b) At 5 minutes the air supply was 
shut off. The temperature commenced 
to drop immediately and, of course, 
the pressure decreased. By 7 minutes 
the temperature recorded by the ther- 
mometers had dropped 34 degree 
(considering “lag” the decrease prob- 
ably was greater) despite the good 
insulation of the boundaries and the 
presence of an observer whose body 
heat of about 200 b.t.u.’s per hour was 
tending to raise the temperature at a 
rate in the order of about 0.1 degree 
per minute. In the same interval, the 
pressure dropped 1%4 ozs. Assuming 
a “bottle-tight” compartment this drop 
in pressure would indicate a tempera- 
ture decrease of some 3 degrees so it 


is probable that the peak temperature 
at 5 minutes was considerably higher 
than recorded. Between 7 and 8 min- 
utes the compartment was “packed” 
to 2 p.s.i. and the temperature drop 
seems to have been retarded as would 
be expected. At 10 minutes the tem- 
perature had dropped further and the 
pressure had again dropped % oz. so 
the compartment again was “packed” 
for the last time. In the interval from 
11 to 22 minutes, the temperature in- 
side dropped about 1 degree as judged 
by all thermometers and, as would be 
expected in a “bottle-tight” compart- 
ment, the pressure dropped % oz. 

(c) During the test the ambient 
temperature first dropped % degree 
and later rose % degree. The bulk- 
head temperature rose fairly steadily 
to reach the ambient temperature. The 
temperature of the air inside was ap- 
proaching the bulkhead temperature 
quite steadily between 11 and 22 
minutes. 

(d) At 22 minutes the valve to the 
compartment was opened and the tem- 
perature inside promptly started to 
drop. At 28 minutes the W. T. door 
was “cracked” to accelerate the escape 
of air and at 30 minutes was “cracked” 
further. The accelerated drop in pres- 
sure after 28 minutes was accom- 
panied, as would be expected, by a 
more rapid decrease in temperature. 

The major significance of the test is the 
quite rapid transfer of heat from the 
compartment air to the boundaries dur- 
ing the period from 5 to 22 minutes. 
Had the compartment not been insulated 
and had there been no observer inside 
to radiate heat to the air, the tempera- 
ture of the air probably would have 
approached the boundary temperature 
considerably faster. It is interesting to 
note that neither: the ambient nor the 
boundary temperature remained con- 
stant for appreciable lengths of time 
despite the fact that the ship was afloat 
and the compartment concerned was 
well below the waterline where, if any- 
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where, constancy of conditions could be 
expected. 

The phenomena described above indi- 
cate that when the testing air is at a 
higher temperature than the boundaries 
the air will approach the boundary tem- 
perature quite quickly. The converse of 
this question, i.e., when the boundary 
temperature is higher will the tempera- 
ture of the air rise quickly, is of equal 
interest. 

It is not extraordinary in compart- 
ment testing to encounter an actual rise 
in pressure even after a compartment 
has been “packed.” This can occur only 
due to transfer of heat from the bound- 
aries to the air inside the space. Ref. 
(d) is rich in evidence of this fact. In 
the tests to determine allowable aper- 
tures for various fittings there is re- 
ported time after time a “gain in ounces” 
of from % oz. to 2 ozs. in 30 minutes. 
In every case the “gain” is associated 
with a rising temperature. Although 
the test data, unfortunately, does not 
reveal the location of the thermometer 
it seems most likely that it was record- 
ing ambient conditions. Thus, in these 
cases, even though the fittings being 
tested were leaking, the heat transfer of 
the air within the test tank obscured 
the fact. 

Another set of data recorded in ref. 
(d) was the result of tests on the “Tank 
Without Fittings” to determine the 
tightness of the tank itself. The tank 
obviously was almost “bottle-tight” as 
evidenced by the pressure maintained 
over long periods of time. Therefore, 
the pressure in the tank rose and fell 
with the ambient temperature. In fact 
the tank was acting as the bulb of a 
huge air thermometer and the changes 
in pressure probable were more precise 
indications of the changes in ambient 
temperature than the thermometer used 
which obviously was being read. only to 
the nearest degree. It must be remem- 
bered, of course, that changes in baro- 
metric pressure would affect the height 
of the mercury gauge, but from hour to 
hour, the temperature changes as indi- 


cated by the pressure were better indica- 
tions of the variations in atmospheric 
temperature all around the tank than a 
single mercury thermometer 

It cannot be argued that the test tank 
of ref. (d) is quantitatively representa- 
tive of practical air test conditions. The 
tank was relatively small (496 cu. ft.) 
and, presumably, was isolated from 
other structure. Nevertheless, the vio- 
lent disturbance of pressure experienced 
in ref. (d) probably is a qualitative 
indication of the experience in practice. 

While there is no direct evidence that 
heat transfer was a disturbing element 
in the experiments reported in ref. (a) 
there is certain information to suspect 
that it played a part. As examples: 

(a) The radically different shapes 
of the curves of coefficients of dis- 
charge for circular holes of various 
sizes. It would seem that the shape of 
these curves could be expected to be 
the same in general character, regard- 
less of the area of the hole. The - 
greatly varying character of the 
curves shown in ref. (a) probably 
indicates some disturbing influence. 

(b) In comments on the allowable 
aperture values for various fittings, 
this statement is made: “The results 
tabulated—are slightly different, in 
some cases, from those actually de- 
rived on test. This is due to the nec- 
essary fairing up of results.” It is 
possible that the necessity to fair up 
results arose from other causes than 
observational errors. 

Air test personnel sometimes state 
that sunny days are “good” for air test- 
ing, cloudy and, particularly, rainy days 
are “bad.” It is considered more difficult 
to get a compartment tight on a rainy 
day. If heat transfer is a factor in the 
problem this is a logical statement be- 
cause on rainy days the atmospheric 
temperature does not rise anywhere near 
as rapidly as on bright days and the 
absence of solar radiation would pro- 
mote steadier boundary temperatures. 
In this connection the following data is 
interesting. CL55 and CV22 were con- 
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structed at the New York Shipyard 
approximately at the same time. Both 
ships are generally of the same type of 
construction inasmuch as CV22 was 
started as a sister ship of the CL55 and 
was changed to a carrier after construc- 
tion was well along. The CL55 was 
built on covered ways, the CV22 on open 
ways exposed to the sun. The air test 
data for strength and tightness tests 
conducted prior to launching is com- 
pared in the following table. In order 
to eliminate the effect of varying test 
pressures the value of nA/V for each of 
the compartments studied was calcu- 
lated. Theoretically, the value of A/V 
for a given compartment will remain 
about constant regardless of the test 


pressure and, therefore, its value (which 
might be termed “tightness per cu. ft.”’) 
is an “index” of tightness. The average 
value of A/V for a large number of 
compartments gives the “degree” of 
tightness which prevails. It might be 
expected that, for a number of voids or 
storerooms or living spaces on a given 
ship, the average of A/V would be 
about the same for a sister ship and, as 
will be shown later, the results of many 
tests indicate this to be the case. There- 
fore, if n varies materially between two 
ships it might be expected that a com- 
parison of nA/V _ would indicate this 
fact. Such a comparison showing the 
number of compartments in various 
ranges of nA/V values follows: 


A 
No. COMPARTMENTS IN VARIOUS Ny “BRACKETS” 


CL55—Covered Ways | CV22—Open Ways 
Test 
Pressure 
9- | 13- | 17- 9- | 13- | 17- 
O | 5-8] 12 | 16 | 20 |>20)| O | 1-4] 12 | 16 | 20 |>20 
Voilds 
0-2 1 28 3 
>2-5 3 2 1 
>5-8 1 
>8-11 1 3 1 
>11-14 1 1 4 41. 24.2 1 
Total 7 6| 11 4 1 
% 24 21 | 38} 14 
Stojres 
0-2 4 1 |] 11 
>2-5 8 1 5 2 
>5-8 3 2 2 
>8-11 1 1 1 
Total 16 ae 4] 4 
% 57 14| 14] 4 11 || 68 16 | 16 
Malgazijnes 
0-2 + 1 
>2-S 1 1 1 
>5-8 2 18 | 6 1 9 
>8-11 1 1 1 ft 2 1 1 
Total 4 20 | 7 1} 14 1 
% 11 57 | 20 3| 9 || 47 10 } 23 | 17 3 
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The average values of nA/V for the 
two ships is about as follows: 


CLS5: CVZ 
Magazines .... 83 6.5 
7.6 4.0 


It may be argued that on CV22 the 
large number of tests conducted at low 
pressures gives an undue weight to that 
ship but a comparison of all tests con- 
ducted at pressures greater than 5 p.s.i. 
shows average values of nA/V to be: 


CESS). “OV 22 
States 8.5 5.5 
Magazines 8.5 6.2 
9.0 5.0 


It is possible that the average of n for 
the two ships was the same and that the 
average A/V was smaller on CV22 for 
one or more of the following reasons: 

(a) more rigid inspection. (This 
seems unlikely.) 

(b) more careful workmanship. 
(This seems unlikely.) 

(c) the greater degree of corrosion 
due to the unprotected structure. 
(This is entirely possible, although the 
steel for both vessels was pickled and 
given a priming coat of paint prior 
to erection, a process which should 
have retarded corrosion materially.) 

If none of these factors explains the 
lower average nA/V value on CV22 


then the answer lies in a lower value 
of n due to heat transfer. It is inter- 
esting to note that the greatest disparity 
occurs in Voids which, being closer to 
the shell, would probably get the greatest 
effect of solar radiation. 

It would appear that there is sufficient 
theoretical, practical and experimental 
evidence to suspect that heat transfer 
has been a major disturbing influence 
on the accuracy with which compart- 
ment tightness has been determined in 
the past. 

Probable values of n which occur in 
practice—There appears to be practi- 
cally no observed data on which to base 
sound estimates of the probable values 
of n encountered in practice. The prac- 
tical evidence presented above is quali- 
tative only. The following data are 
flimsy foundations for conclusions but 
they are presented for what they are 
worth, 

The data in ref. (d) can be con- 
sidered nothing more than very rough 
approximations of practical test condi- 
tions but its clues are worthy of some 
notice. From the tests on leakage 
through small circular holes, the values 
of n can be determined from the equa- 
tion 

d = Dn(cA/V)t [1 — E(cA/V)t] 
For lack of better information, it may 
be assumed that the values of c were the 
“mean” values given in ref. (a). The 
results are: 


VALUES OF N 


Test Pressure (p.s.i. gauge) 

Diam. 

1 2 3 4 5 10 | 15 

—1.7* | -1.8* | -0.9* |. -0:6* | .-0.3*: -0.2* | -0.2* | -1.0* | .0:8* 
lie” 0.7 1.0 0.9 1.2 1.1 1.3 

36” 0.5 0.6 0.8 1.0 1.0 1.0 1.0 1.0 1.0 


All 30 minute observations except: 
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COMPARTMENT AIR TESTING 


These results, of course, are valid only 
for the particular tank involved and for 
the particular conditions which pre- 
vailed. Furthermore, they are -highly 
approximate because the drops were 
measured with insufficient precision and 
because of ignorance of the correct 
values of c. It should be noted that as 
the aperture area and the pressure in- 
crease, the variability seems to decrease 
as would be theoretically the case. At 
least these data are indications that the 
order of magnitude of the theoretical 
predictions of n are about correct. 


The data on average values of nA/V 
for the CL55 and the CV22 as given 
above offer a faint clue. First assume 
that for all the compartments tested the 
general average A/V for each ship was 
the same and that the difference in 
average nA/V was due to a different 
average value of n for the two ships. 
Now assume that the CL55, having been 
tested on a covered way, had an average 
n of unity. The average value of n for 
the CV22 would be 

(a) when all compartments are 

considered, 4.0/7.6 = 0.53 


(b) for tests over 5 p.s.i. 5.0/9.0 
= 


If this same scheme is applied to the 
groups of compartments of the various 
types, the results would be: 

Voids 

2.4/8.5 = 0.28 or 3.6/9.8 = 0.37 

Stores 

4.3/5.6 = 0.77 or 5.5/8.5 = 0.65 

Magazines 

6.5/8.3 = 0.78 or 6.2/8.5 = 0.73 
These data represent average conditions 
and do not reveal the extremes which 
occurred in the tests of the individual 
compartments. If the analysis is a rea- 
sonable one it is evidence that the ship 
which was exposed to solar radiation 
encountered generally much lower values 
of n than did the sheltered ship, as 
would be expected. 

The foregoing data, poor as they are, 
seem to confirm in some degree the 
theoretical analysis summarized previ- 
ously. Those results are based on what 
appear to be conservative assumptions. 
They indicate that n may vary in small 
compartments between 0.4 and 2.0 and 
in large compartments between 0.9 and 
1.7. It is possible, even likely, that the 
range in practice is wider. In any case 
it is reasonable to conclude that n will 
be unity in but few cases. 


The remainder of this article, consisting of three sections and two appendices, 
will be published in subsequent issues of the JouRNAL. 
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Eprtor’s Note 


In the August 1951 issue of the JouRNAL was carried an article written by 
Max Otto Kramer entitled “The Wave Drag of Ships.” This was followed by 
an interesting series of letters which was initiated by Mr. M. St. Denis, an 
eminent naval architect at the David Taylor Model Basin. In the interest of 
correcting an error, if such has been made, and certainly for the purpose of 
wider dissemination of information on the subject, the letters mentioned above are 
published below, followed by a reprint of the article which was referred to in 
Mr. St. Denis’ first letter. 


NAVY DEPARTMENT 
DAVID TAYLOR MODEL BASIN 


WASHINGTON 7, D. C. 


December 20, 1951 
Captain J. E. Hamilton 
Secretary-Treasurer 
The American Society of 
Naval Engineers 
605 F Street, Northwest 
Washington 4, D. C. 


Dear Captain Hamilton: 


I have read with some concern the paper by Max Otto Kramer on the Wave 
Drag of Ships published in the August issue of the JourNAL. My first reaction 
is a surprise that a man of the reputation of Dr. Kramer should make such far- 
sweeping but absolutely false generalizations as appear in his article. To be spe- 
cific, I refer to the statements that “the literature on wave drag of ships offers 
nothing but empirical formulas, whereas the theoretical solution of the problem is 
considered hopelessly complex” and that “no theoretical expression for the wave 
drag of ships has been derived which agrees with actual measurements.” Nothing 
could be farther from the truth! 

For substantiation of this assertion, I should like to refer you to a recent article 
by Dr. George Weinblum titled, “The Practical Use of Theoretical Studies in Wave 
Resistance” and published in the October issue of Marine Engineering and Ship- 
ping Review. You will find in Fig. 3 of the article evidence that wave resistance 
can be calculated much more closely than the 40% which Dr. Kramer claims for 
his method. 

I do hope for the prestige of the JourNAL that the Editor will be less impetuous 
in printing such articles in the future. 

Sincerely, 
M. St. Denis. 
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January 9, 1952 
Mr. M. St. Denis, 
David Taylor Model Basin 
Washington 7, D. C. 


Dear Mr. St. Denis: 


Thank you for your letter of 20 December, 1951. I have mentioned its receipt 
in the forthcoming February, 1952 issue of the JouRNAL. Time will not permit 
fuller treatment in that issue. 

I am sending a copy of your letter to Dr. Kramer for any comment which he 
cares to make. The two letters, or pertinent extracts from them, along with Dr. 
Weinblum’s paper (if we can get permission to reprint), will be carried in the 
May, 1952, issue. I should also be glad to include anything further which you 
may want to send in. 

Sincerely, 
J. E. Hamilton, 
Secretary-Treasurer. 


From: Dr. Max Kramer 
Naval Air Development Center 
Johnsville, Pa. 
15 February 1952 
To: Mr. St. Denis 
Navy Department 
David Taylor Model Basin, Washington 7, D. C. 


Dear Mr. St. Denis: 


Captain Hamilton sent me your letter two weeks ago and I managed to get the 
article of Dr. Weinblum one week ago. Thus I would like to discuss the matter 
with you in order to come to some agreement and eventually to get your help in 
checking my formula. 

I wanted to derive a simple formula showing the basic correlation of the wave 
drag and the principal dimensions of a ship. The article of Dr. Weinblum does 
not give me the impression that this formula already exists. The wave drag theory 
is elaborate but apparently does not arrive at simple and general conclusions or 
else Dr. Weinblum would have mentioned them. Michell’s resistance formula may 
be very valuable in certain ranges but it combines wave drag and friction drag. 
Both drags add up and each of them follows different exponents of the principal 
dimensions. As you know it means violating mathematical laws to express such 
a sum by a single product. Thus this formula can be valid only in a limited range 
or correction tables are needed whereby the simplicity and physical clarity are lost. 
The rest of Dr. Weinblum’s article compares special theoretical conclusions with 
practical results. Though certainly very valuable in particular, this part of his 
article does not help to clarify the over-all picture. 

When I derived my formula I knew I was making approximations and I said so. 
Naturally I wanted and still want to know how well this approximation can sum- 
marize the results of vastly different applications. My article mentions the check- 
ing range from battleship to destroyer. Actually I expanded this range to skiffs 
and kajacks and, there too, found my formula verified within the scatter that 
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has to be accepted when important factors, such as the propulsive efficiency, the 
actual draft, and the actual contour are replaced by average values. The range I 
actually checked was 1 to 10° in displacement, 1 to 6 in speed and 1 to 5 in 
slenderness. 

I think you must admit that if a simple theoretical formula with no empirical 
factors attached, covers this tremendous range without systematic deviation, the 
basic concept of this formula must have its point. In case further checks convince 
me fully I can easily improve my formula by taking the missing factors into 
account and thereby cutting down the “local” scatter. 

You could greatly assist me by sending me official Model Basin results on bodies 
similar to the three-dimensional body shown in my article. I hope you will do so. 


Sincerely yours, 
K. 


NAVY DEPARTMENT 
DAVID TAYLOR MODEL BASIN 


WASHINGTON 7, D. C. 


10 March 1952 


Dr. Max Kramer 
Naval Air Development Center 
Johnsville, Pennsylvania 


Dear Dr. Kramer: 


I have just returned from an extended trip abroad and for this reason I have not 
been able to reply to your letter of 15 February before now. To comply with your 
request, I am sending you two Model Basin reports (No. 710 and 758), both by 
Dr. Weinblum, bearing on the subject of wave resistance. These reports give an 
exposition of the theoretical approach. I would like to refer you to an additional 
article by Weinblum, Amstberg and Bock titled “Versuche ueber der Wellen- 
widerstand Getauchter Rotationskoerper” published by the Preussischen Versuch- 
sanstalt fuer Wasserbau und Schiffbau, Berlin, 1936, which gives some experi- 
mental results. The bibliography listed in the first report will give you an idea 
of the extensive work that has been carried out already on the subject. Of especial 
importance in connection with possible practical application to ship design are the 
contributions by Havelock and Wigley to the Institution of Naval Architects in 
London. (Items 76, 77, and 89 of the bibliography TBM report 710.) 

In my opinion your attempt to find a simple formula for the wave-making resist- 
ance of ships is bound to be fruitless. The reason for this statement is that the 
wave-making resistance of a vessel is essentially a function of the slopes (deriva- 
tives) of the vessel’s wetted surface. This surface cannot in general be expressed 
by a small number of simple parameters and, consequently, neither can the slopes. 
Your proposal to use only a vessel’s principal dimensions is, therefore, unsound in 
principle. 

Nor will the quest for missing factors help any. There are too many such to be 
taken into account. For example, even if we retain unaltered a design’s principal 
dimensions and primary coefficients, we can still obtain extremely wide variations in 
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wave-making resistance by operating on the secondary coefficients alone as, e.g., by 
altering the longitudinal (or vertical) distribution of displacement, but not the 
longitudinal (or vertical) center of buoyancy; or by altering the waterplane 
inertia, but not its area, etc. It would be extremely difficult to account for all such 
possible variations in a simple formula. 

In your letter you state that yours is a simple theoretical formula with no 
empirical factors attached. I must disagree with this statement. The factor C = 4.5 
is purely empirical. It is a fortuitous coincidence that for actual vessels it has 
a value somewhere near a mean value derived for two- and three-dimensional 
forms having a specific profile. 

I also must disagree with your statement that Michell’s formula combines wave 
drag and frictional drag—Michell’s theory is based on the assumption of potential 
flow (i.e., of an ideal inviscid fluid). Indeed corrections have been worked out to 
allow for the effect of viscosity on the potential, wave-making resistance, as you 
will find in Wigley’s paper referred to above, but these do not affect the frictional 
resistance which, according to Froude’s hypothesis, is calculated separately. 

I do hope that the reports I am enclosing and the papers I have referred to in 
this letter will provide you with interesting reading on this fascinating subject of 
the wave-making resistance of ships. 

Sincerely yours, 
M. St. Denis. 
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THE PRACTICAL USE OF 


THEORETICAL 


STUDIES 


IN WAVE RESISTANCE 


edition of the JouRNAL. 
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Wave Drag of Ships,” by Mr. Max Otto Kramer, published in the August 1951 


The analytical treatment of wave re- 
sistance of ships’ forms is an important 
part of modern theoretical naval archi- 
tecture. The Society of Naval Archi- 
tects and Marine Engineers has ac- 
knowledged this fact by creating recently 
a “Wave Panel,” the main objective of 
which is the speculative study of ship 
resistance. Therefore, it is thought that 
a short review on the subject may pre- 
sent some interest. 


In what follows it is assumed that the 
reader is to some extent familiar with 
D. W. Taylor’s book Speed and Power 
of Ships or with Davidson’s chapter on 
“Resistance and Powering” in Princi- 
ples of Naval Architecture, Volume II. 

The ties between mathematics—espe- 
cially its applied branch of theoretical 
hydrodynamics—and shipbuilding prac- 
tice have not been equally close over 
the centuries. The work of Archimedes, 
one of the greatest mathematicians of 
all times, was inspired profoundly by 
problems of naval architecture, but 
nearly two thousand years passed by 
before his famous law and his powerful 
investigations on stability began to be 
applied by our profession. 
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During the eighteenth and nineteenth 
centuries, naval architecture contributed 
appreciably in a direct and an indirect 
way to the development of classical 
hydrodynamics. On the other hand 
naval architects were eager to make 
use of scientific results, as can be seen 
from the older volumes of the Transac- 
tions of the Institution of Naval Archi- 
tects in London. 


However, with the rise of airplane 
building the interest of hydrodynamicists 
shifted more to the field of aero- 
dynamics. At the same time it became 
fashionable with practical people in our 
profession to question the practical 
value of that part of hydrodynamics 
which is based on the concept of an 
“ideal” frictionless fluid. A familiar 
stumbling block was d’Alembert’s fa- 
mous paradox, according to which a 
body moving rectilinearly with constant 
speed in a frictionless liquid does not 
experience any resistance. Such a 
tendency to neglect admittedly abstract 
studies had a deplorable effect; it low- 
ered the standard of the dignified theo- 
retical naval architecture and reduced 
further the interest of mathematicians 
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and physicists in problems of our pro- 
fession. Fortunately this state of affairs 
has been overcome; classical hydro- 
dynamics is now recognized as an indis- 
pensable foundation of ship-resistance 
theory. This applies especially to the 
important problem of wave resistance 
where distinguished achievements have 
been reached—among others by Sir 


Thomas Havelock whom we venerate 
as the greatest living scientist in our 
profession. 

In what follows we shall give a short 
summary as to how far the rather com- 
plicated theory involved has contributed 
to our useful knowledge on this subject 
and may influence the future develop- 
ment of ship forms. 


SHIP RESISTANCE 


To explain the origin of wave resist- 
ance we state first that d’Alembert’s 
paradox in the form quoted inthe fore- 
going is correct only when we deal with 
the motion of a body far away from a 
free surface. As soon as the body ad- 
vances close to the latter, a resistance 
arises due to the formation of the fa- 
miliar gravity waves; the laws govern- 
ing these can be established with rea- 
sonable accuracy using the fiction of a 
frictionless fluid. 


It is well known that an elaborate 
experimental-model technique, due 
mainly to W. Froude, has been de- 
veloped essentially with the purpose of 
investigating wave resistance. The most 
valuable systematic work done in this 
field is that of Admiral D. W. Taylor; 
the diagrams in his famous book Speed 
and Power cf Ships are still the best 
source of general information for the 
designer. 


Is there from a purely practical point 
of view any need to consider theoretical 
studies on the subject? 


To give an answer to this question 
some remarks must be made on ship 
resistance in general. Our present clas- 
sification of “components” of the total 
resistance R, is slightly different from 
the earlier one found in most textbooks, 
as has been pointed out in reference 
[3].* 


Neglecting the air resistance, we dis- 
tinguish: 

1. The frictional or tangential resist- 
ance R,, 

2. the viscous normal or pressure re- 
sistance R,, 

3. the wave resistance R,,, and 

4. the spray resistance R,. 


W. Froude introduced the artificial 
concept of a residual resistance R, as 
the difference of total resistance minus 
frictional resistance of the equivalent 
plate having the same wetted surface 
and length as the ship Ry; 

R, = Ri — Ror (1) 

This residual resistance includes a 
number of heterogeneous elements : 

1. The wave resistance R,, 

2. the viscous pressure resistance R,, 

3. the frictional form resistance 

Rep = Ry — Ror (2) 
(since it is obvious and well proven 
that the frictional resistance of bodies 
must be different, in principle, from 
and both lead to identical results. 
There are further 
4. the spray resistance R,. 
Thus 
R, = Ry R, Rep R, (3) 

The most important problem of rough- 
ness effects can be left outside of the 
present discussion. 


It follows immediately that the wave 
resistance Ry, is only one part of the 


* Numbers in brackets indicate references listed at the end of this article. 
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residual resistance R,; in principle the 
present model technique does not yield, 
at least immediately, the magnitude of 
the wave resistance. Further, in the 
low-speed range the model technique 
itself presents serious difficulties which 
are being overcome only at present. 


Therefore, we conclude: Although 
from a physical point of view some 
objections can be made against the 
splitting up of the total resistance into 
various components, since they are 
really interdependent, it is indispensable 
to conduct separate investigations on 
these components. This applies espe- 
cially to the wave resistance because of 


its importance in general and because 
of its sensitivity to changes in the ship 
form. We are fortunate to have hydro- 
dynamic theory as a powerful tool of 
research in this field. 


Some tendencies now exist to over- 
emphasize the difficulties experienced in 
model testing. The writer does not 
share them. Having stated these diffi- 
culties in principle it must be added 
that fortunately under many conditions 
the wave resistance can be derived 
reasonably well from the residual re- 
sistance. This fact makes checks pos- 
sible between theoretical and experi- 
mental data. 


CALCULATION OF WAVE RESISTANCE 


The wave resistance experienced by a 
moving ship is due to the generation of 
the wave pattern which travels with the 
ship. Usually it consists of the well- 
known divergent and transverse wave 
system. Knowing the pattern, the re- 
sistance can be calculated in principle 
by two methods: 


1. By summing up the pressure forces 
due to the waves around the hull. 


2. By calculating the energy left in 
the waves behind the ship. 


Both ways of approach are physically 
well founded and both lead to identical 
results. There are further powerful 
methods for calculating the wave re- 
sistance but they are physically less evi- 
dent. Since this synopsis is concerned 
more with the results obtained than 
with the procedures which lead to the 
results, we can confine ourselves to 
these brief remarks. 


The method based on pressure com- 
putations appeals best to the engineer. 
Theory as well as experiment can fur- 
nish the shape of the wave profile 
around the ship. It seems to be natural 
to derive from these wave profiles the 


pressure changes and finally the wave 
resistance. 


It should be cautioned, however, that 
the connection between surface wave 
profiles and pressure changes around 
the hull is not simple [4]. Further, the 
calculating of the resistance from posi- 
tive and negative elements of compara- 
ble degree of magnitude and known only 
to a limited degree of accuracy can lead 
to serious errors. Thus, former attempts 
to base wave-resistance calculations on 
measured model wave profiles were not 
too successful and only recently im- 
provements have been made [4]. 


The theoretical process used is not 
subject to this criticism, although other 
difficulties arise. The final expressions 
of Ry are rather complicated integrals, 
the evaluation of which requires a 
tedious amount of numerical work. 


The existing theories are based on 
assumptions which limit to some extent 
the practical applicability of results. 
Common to them is the assumption of 
an ideal frictionless liquid and of small 
steepness of the waves generated. Fur- 
ther, it is impossible to calculate the 
resistance of an actual ship hull, al- 
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though hydrodynamics has developed 
two concepts which admit of approxi- 
mating ship forms in such a way that 
its essential features can be pictured. 
In doing so, additional factors must be 
neglected, however. 


The first idea consists in replacing 
the ship form by a pressure system dis- 
tributed over the free surface; it was 
originally proposed by Kelvin [5] and 
developed by Hogner [6]. The wave 
pattern due to the moving single pres- 
sure point exhibits the most salient 
features of a ship-wave system; it is 
reproduced here (Fig. 1) in the form 
derived by Hogner, who corrected some 
errors—still found in textbooks—in the 
original picture given by Kelvin. From 
physical reasoning it is plausible that 
by a pressure system distributed over 
the surface certain vessels, preferably 
of shallow draft, can be approximated ; 
in fact, this method proves to be useful 
in studies of planing vessels but its 
application to surface ships meets diffi- 
culties. The most essential one consists 
in finding a pressure distribution for a 
given ship form. In older textbooks 
some rather confused statements can be 
found on the wave pattern created by 
a ship based on the oversimplified rep- 
resentation of the ship by two pressure 
points. Although some general features 
of the phenomenon involved can be 
described in such a way, it is advisable 
to rely on more advanced information 
due to Havelock and Wigley [7][8]. The 
same applies to the concept of wave- 
making length or length of separation 
which has been popular in earlier pub- 
lications; its value is doubtful since 
even the definition is rather arbitrary, 
though some basic effects can be quali- 
tatively explained by it. 


The second method is based on the 
concept of source and sinks introduced 
by Rankine. Its great advantage is the 
high generality which leads to useful 
applications in many fields of theoretical 
naval architecture. Again there are 


difficulties to find source-sink distribu- 
tions corresponding to given hull forms, 
but in two cases reasonably simple de- 
pendencies can be found: 


1. For a submerged body of revolu- 
tion. 


2. For a “thin surface ship” (see 
Fig. 2). 


The latter is characterized by small 
slopes between the surface and the longi- 
tudinal center plane; this again involves 
that for normal ship forms the ratio 
L/B must be large and the ratio B/H 
moderately small. Such an extreme 
ship form is called Michell’s ship since 
Michell [9] succeeded in giving a re- 
sistance formula for this type of surface 
vessel on which most contemporary 
studies of wave resistance are based. 


We face the following dilemma; be- 
cause of its limitations the existing 
theory needs experimental checks, while 
at the same time the common testing 
routine does not yield reliable data for 
the wave resistance in the low speed 
range. 


It is fortunate enough that notwith- 
standing these difficulties the agreement 
between calculated and experimental 
data is on the average reasonably good. 
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An example taken from [10] is shown 
in Fig. 3. Our contemporary state of 
knowledge indicates that a combined 
theoretical and experimental approach 
to our problems is indispensable. 


Michell’s integral (resistance for- 
mula) can be symbolically written as 


B? H? 
R = pg E[H/L,F] .. (4) 


where pg is the specific weight of the 
water; L, B, H are the principal di- 
mensions, » is a dimensionless equation 
of the wetted hull surface or in plain 
language » represents the dimensional- 
ized offsets of the hull used by all naval 
architects. 


V 
VoL 


is the Froude number where V, g, L 
must be given in consistent units. F is 
numerically equal to 0.297 times the 
more familiar speed length ratio 
VKn/L’. 


The symbol E [H/L, », F] indicates 
that the resistance depends in some 
complicated way upon the H/L ratio, 
upon the dimensionless offsets and most 
decisively upon the Froude number or 
speed. 


F= 


SOME CONTRIBUTIONS OF THEORY TO OUR KNOWLEDGE OF WAVE RESISTANCE 


We summarize now the most im- 
portant results derived from theory. 
This part of our study relies heavily 
on reference [3]. 


1, From the theory of wave resistance 
it follows that the only appropriate 
dimensionless speed value for normal- 
displacement ships is the Froude num- 


ber F=V/~/gL referred to the ship 
length L. 


2. From equation (4) the wave re- 
sistance is proportional to the square of 
the beam R~B?. Actually, this holds 
for narrow (“thin”), wedgelike ships 
only where L/B is very large. For 
common L/B ratio an exponent less 
than 2 is in better agreement with ex- 
perimental data which, however, are 
astonishingly scarce [3]. 


3. Following equation (4) the de- 
pendence upon draft is more compli- 
cated. Computations show that at high 
Froude numbers, for instance for de- 
stroyer conditions the resistance is pro- 


portional to a power of H slightly below 
the second, while for slow ships it can 
become proportional to a power less 
than one [3]. Again, only a small num- 
ber of theoretical evaluations have been 
made so far and reliable experimental 
data are scarce. It follows further from 
theory that almost the sole effect of 
changing draft is to change the magni- 
tude of the resistance curve—not its 
shape. 


4. The oscillatory character of wave- 
resistance curves derived from experi- 
ments is well known; the waviness of 
calculated curves is still more pro- 
nounced. 


There are two main methods of rep- 
resenting results; the one shows the 
resistance R itself or D. W. Taylor’s 
resistance-per-ton coefficient R/A; the 
other shows coefficients referred to the 
square of the velocity of the type 


R 


Ce= 
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or 
R 

p/2 ?/ 


where S is the wetted surface and P 
the volume. The independent variable 


(abscissa) is F = V/V gL. 


The position of the maxima and 
minima in the Cg (or Cy curves and 
in the R (or R/A) curves obviously 
cannot coincide. This applies especially 
to the large final hump. The absolute 
maximum of the wave resistance occurs 
not too far from F=0.7, while the 
maximum of the coefficient Cp lies close 
to F=0.50. 


5. At very high speeds the wave re- 
sistance R decreases—although rather 
slowly—and finally disappears for an 
infinitely large Froude number. 


Cc 


6. Following theory, ships of least 
wave resistance must be symmetrical 
with respect to the midship section. 
This result may be stated in a somewhat 
different way as follows: assume a dis- 
placement distribution symmetric with 
respect to the midship section. Any 
change in this distribution leads to an 
increase in resistance provided the 
arithmetical mean of the fore and after- 
body distribution remains equal to the 
original one. Further, it follows from 
theory that the resistance of ships 
asymmetrical with respect to the mid- 
ship section is the same if run bow 
first or stern first. 


These results do not agree with facts 
since the influence of the change of 
trim and of viscosity have been neg- 
lected by theory. Some remarks on the 
subject will be made later. 


7. The shape of the resistance curve, 
especially the position of the humps 
and hollows and its relative magnitude, 
depends primarily upon the longitudinal 
distribution of displacement. The prom- 
inent importance of the sectional-area 
curve is emphasized by theory. 


An increase of the prismatic coeffi- 
cient Cp or of Taylor’s tangent value t 
generally causes a shift of the maxima 
towards larger Froude numbers. The in- 
fluence of other important form param- 
eters, such as the length of the parallel 
middle ship or the amount of curvature 
at the midship section, has also been 
investigated. From such investigations 
it follows that large variations in wave 
resistance may correspond to small 
changes in the longitudinal displace- 
ment distribution. The sensitivity of re- 
sistance to changes in form varies with 
the range of the Froude number. 


This is a most important result. It ex- 
plains the complete failure of numerous 
attempts to express the resistance as a 
function of simple coefficients; it ex- 
plains further why _ experimentation 
based on single models—or even on a 
systematic series not guided by theo- 
retical considerations—cannot yield re- 
sults capable of wider generalization. 


8. Theory has produced a satisfac- 
tory explanation for the problem of the 
bulbous bow and, in this case, it even 
furnishes some quantitative resistance 
data. 


9. The longitudinal distribution of 
displacement which leads to ship forms 
of least wave resistance has been calcu- 
lated and good agreement with earlier 
experiments due to D. W. Taylor has 
been found [3]. The optimum forms 
vary decisively with the Froude number, 
a fact which has been overlooked by 
many inventors. 


10. Theory provides a rather obvious 
tule how to distribute the displacement 
in the vertical direction: From the point 
of view of wave resistance it is advan- 
tageous to shift the displacement as far 
as possible down below the free surface. 
Thus in this respect U-shaped sections 
generally are preferable to \-shaped 
sections. 


11. We previously mentioned under 
Paragraph 6 erroneous conclusions de- 
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rived from theory which are caused by 
neglects of viscosity effects. Closer 
agreement with well-established facts 
can be arrived at by introducing semi- 
empirical corrections [11] [12]. How- 
ever, this procedure, although useful, is 
not yet quite satisfactory from a scien- 
tific point of view. 


12. The wave resistance of wholly 
submerged bodies of revolution moving 
close to the surface can be calculated 
in a similar and even simpler way than 
for surface ships. 


A lot of calculated resistance results 
are in the process of publication [13]; 
they show some rather surprising de- 
pendencies upon the form. 


13. Theory has furnished reliable 
methods of calculating the wave resist- 
ance of ships moving in shallow water 
and in rectangular canals. Because of 
the limited space, this theory [3] cannot 
be expanded here. 


14. Many endeavors have been made 
to develop new types of craft which 


have no appreciable wave resistance. It 
is not difficult to give some broad an- 
swers to the question involved: With 
respect to speed variation, low wave- 
resistance is obtained when the Froude 
number is very small or very large; the 
latter condition is realized by high- 
speed planing vessels and hydrofoils. 
Another way also attempted by inven- 
tors is to submerge the vessel; this pro- 
cedure works, however, in the range of 
moderate and moderately high Froude 
numbers only when the ratio depth of 
immersion f to the length of the vessel 
L is not too small. Quantitative informa- 
tion on this latter subject can be easily 
derived from existing data [13]. 


15. A successful attempt has been 
made by Dickmann to calculate the 
wave resistance created by a screw pro- 
peller and the interaction between the 
ship and the propeller wave system [14]. 
He has shown that the wave resistance 
of the propeller itself is normally very 
small, but that the interference effects 
between the propeller and ship can 
nevertheless become appreciable. 


SUMMARY 


Summarizing we state: Theory has 
given a broad picture of the wave re- 
sistance phenomena over the whole 
speed range. It has indicated the sensi- 
tivity of resistance to small changes of 
form in some speed ranges and thus 
given a useful guidance to model tech- 
nique. Calculated resistance curves for 
a large variety of normal ship forms will 
soon be available. The quantitative 
agreement between calculated and meas- 
ured resistance data is reasonably good 
under certain conditions, but should not 
be overemphasized. Theory fails to give 


correct values for full ship forms at 
low speeds. Although much is left to 
be done on the influence of the actual 
proportions of the ship and still more 
of viscosity effects on wave resistance, 
theory proves to be an indispensable 
tool of research and it is expected to 
become a valuable help in design. 


A rather comprehensive list of refer- 
ences can be found in reference [3]. 
The present list does not acknowledge 
properly, among others, the decisive 
contributions made by Havelock and 
Wigley in this field. 
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I.—Primary Resources of Ferrous and 
Non-Ferrous Metals 


BY PROFESSOR A. J. MURPHY,* M.SC. 


INTRODUCTION 


In the discussion today, we _ shall 
doubtless find that more than one speaker 
will refer to the short-term and the 
long-term problems of supply and de- 
mand, and it would be difficult to deny 
the justice of this distinction. In the 
short-term, say during the next three 
years, the problem of ensuring a balance 
between supply and demand is easier in 
some respects, and more difficult in 
others, than when the long-term pros- 
pect is being considered. It is easier in 
the sense that emergency measures can 
be taken, for instance by raiding stocks 
intended to cater for forward require- 
ments, by using highly uneconomic 
methods of mining and refining metals, 
or by denying supplies for applications 
which can be deferred for a time though 
not indefinitely—all of these are means 
which would have no relevance to a 


long-term policy. On the other hand, 
time, money, and men are the great 
obstacles when a quick, though tem- 
porary, alleviation has to be found. The 
limitation of time is especially intract- 
able when the expansion of supply de- 
pends upon the construction of new 
plant and buildings, for instance, for 
electrical generating plant for the pro- 
duction of aluminum or magnesium from 
minerals which are plentiful. Money in 
the form of investment capital is not 
readily attracted to mines and factories 
which are to be developed rapidly for a 
current demand without a firm prospect 
of commercial success in the more dis- 
tant future. Finally, the operative labor 
and skilled technicians must be drawn 
from an industry already claiming to be 
inadequately staffed. 


In war all these difficulties are swept 


: * Professor of Industrial Metallurgy, University of Birmingham. 
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aside by the sheer necessity for survival. 
In the phase of peacetime rearmament 
in which we are now it is not possible 
to concentrate all effort on the simple 
objectives of providing the military ma- 
chine with its needs and keeping the 
civilian population alive; a triple bal- 
ance has to be maintained between im- 
mediate service requirements, building 
up reserves for security if war comes, 
and the supplies needed for civilian 
trade, especially for export. 


In my Presidential Address I referred 
to the three significant elements in the 
balance between supply and demand as: 
(1) the increasing population of the 
world, (2) the non-renewable character 
of mineral resources, and (3) the world- 
wide demand for higher standards of 
living. Statistics in plenty are available 
to show that, while the world population 
is rising by about 1% annually, the 
consumption of metals is swinging up- 
wards at a much higher rate. 


It is self-evident that if these rapidly 
accelerating inroads into a fixed amount 
of resources were to continue indefinitely 
the final exhaustion of metal supplies 
would be inevitable. The two vital 
questions are: what quantity of work- 
able resources remains untapped and 
what are the prospects of the rate of 
winning metals from the earth (and the 
sea) keeping pace with the soaring de- 
mands? Here we find a cleavage of 
opinion among those who have studied 
these questions, and no doubt we shall 
be made aware of these differences as 
the meeting proceeds. 


Those who find grounds for believ- 
ing that critical and enduring shortages 
will be experienced within a generation 
consider that, among our present com- 
mon metals, lead, zinc, and copper are 
destined to move into the category of 
relatively scarce commodities. At the 
other end of the scale, iron, aluminum, 
magnesium, and perhaps titanium ..are 
expected to remain plentiful for a much 
longer period. 


Opponents of the view that we are 
within sight of the exhaustion of some 
of our staple metals point to the fact 
that in the past under the stimulus of 
growing demand the requisite increase 
in supplies of metals has always been 
forthcoming. They express the faith 
that in a free economy and given normal 
peacetime conditions the ordinary price 
mechanism will provide the incentive 
for mineral exploration and the exploita- 
tion of new sources and improved proc- 
esses. The point has been well made in 
this connection that a more powerful 
stimulus than a high price for the 
mined product is an assured continuing 
demand. 


I am sure that many other metal- 
lurgists will share my feeling of pleasure 
that in giving consideration to these 
matters today we have the benefit of 
the opinions of economists and of geol- 
ogists. They will not need to be re- 
minded how vitally important it is to 
metallurgical industry to arrive at a 
sound appraisal of the forces influencing 
the future trend of supply and demand 
of the basic metals. To take only three 
examples, we may mention galvanizing, 
copper for high-tension transmission 
lines, and lead in electrical accumulator 
batteries. Is the stringency in supplies 
of zinc likely to remain so severe, even 
when the needs of rearmament have 
been met, that alternative means of 
protecting steel will replace galvanizing 
permanently in many applications? Will 
a continuing critical shortage of copper 
lead to a large extension of the use of 
aluminum for overhead conductors? 
Will the depletion of lead resources 
cause the lead accumulator to be re- 
placed by other types embodying other, 
more plentiful, metals ? 


An affirmative answer to any of these 
questions will imply as a consequence 
a change in production methods which 
may range from a simple adaptation of 
existing plant in one case to a complete 
upheaval in another, demanding the 


learning of new techniques of manufac- 
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ture, control, and even of selling. For 
the metallurgist in industry the need for 
versatility and adaptability to cope with 
the new situation is obvious, but there is 
another phase of metallurgical activity 
in which it is important to have, as 
early as possible, guidance on the future 
trend of supplies. I refer to the work of 
the research metallurgist. In this coun- 
try, with our limited resources of tech- 
nical manpower and equipment, it is 
especially important that a substantial 
part of these resources should be en- 
gaged in the most useful and effective 
way, in relation to national needs. If 
we can know now that supplies of metal 
B will be plentiful while those of metal 
A will inevitably diminish, we can di- 
rect an intensified program of metal- 
lurgical research to a study of metal B, 
and especially of its alloys. 

This is not a matter which calls for 
help only from the technical metal- 
lurgist: the theoretical metallurgist must 
also be ready to commit himself to fore- 
cast technically useful compositions and 
treatments of unfamiliar alloys which 
are likely to be available when the 
better-known materials have become un- 
obtainable. 

Economic considerations and techni- 
cal metallurgical factors are closely 
linked in almost every aspect of this 


the other main components in the cost 
structure of the product. Many visitors 
to America have described how the 
metal-working industry there has been 
built up on the acceptance of labor as a 
relatively scarce and costly commodity, 


* expensive plant being installed to make 


the most economical use of human labor, 
and production schedules then being 
planned to keep the plant working at 
full output with the least possible inter- 
ruption. If now a section of the indus- 
try has to reconcile itself permanently 
to a greatly enhanced cost of its raw 
material, it may be compelled to change 
this philosophy. In such new circum- 
stances the most important requirement 
would be to eliminate every cause of 
wastage of metal, and expenditure on 
plant and labor would diminish in sig- 
nificance. It would mean that the atti- 
tude of industry towards its metals 
would shift away from that of the mass- 
production iron foundry and steel mill 
towards that of gold-mine and the silver- 
smith. 

As I have remarked previously, the 
problem can be expressed in the form of 
three questions : 

(1) What can we do to improve 
our supplies ? 

(2) How can we make better use 
of what we have? 


: subject. Others, more expert, will de- (3) What substitutes can we use in 

; velop this theme, and I shall only refer place of the metals which have be- 

‘ briefly to two points. The first is the come difficult in supply? 

l changed situation in the metal industry The first question will fall for con- 

r when scarcity pushes the price of a_ sideration in Part I of this discussion; 

: basic metal much higher relatively to the other two questions in Part II. 

S 

‘ The World Supply of Non-Ferrous Metals, 
Including the Light Metals 

e 

BY R. LEWIS STUBBS* 

if I am going to talk about copper, zinc, which any forecast of supply and con- 

e lead, tin, aluminum, and magnesium, sumption must be made. 

1e and I shall try to assemble the facts on 

C- 


* The British Non-Ferrous Smelters’ Association. 
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TasB_E I.—World Production and Consumption of Copper, Zinc, Lead, Aluminum, 
and Tin, 1948-50. 


(Thousands of metric tons) 


1948 1949 1950 
Copper Refinery production 2291 2237 2537 
Consumption 2326 2075 2539 
U.S. Special Account 13 163 208 
purchases 
Zinc Smelter production 1564 1680 1819 
Consumption 1543 1478 1847 
U.S. Special Account 54 103 115 
purchases 
Lead Smelter production 1365 1510 | 1674 
Consumption 1327 1185 1560 
U.S. Special Account 7 192 155 
purchases 
Aluminum Smelter production 1117 1127 1285 
Consumption 1111 1024 1312 
U.S. Special Account it. 11 20 
purchases 
Tin Smelter production 160 171 175 
Consumption 136 117 149 
U.S. Special Account 24 53 307 
purchases 


+ Estimated. 


CURRENT SHORTAGES 


Let us analyze the extent and causes 
of present shortages. The figures of 
production and consumption in the free 
world issued by the Economic Coopera- 
tion Administration in Washington are 
given in Table I for the years 1948, 
1949, and 1950. The United States “Spe- 
cial Account purchases,” which are 
generally taken to represent the pur- 
chases for stockpiling, are shown sepa- 
rately. Table II summarizes the posi- 
tion for the period 1948-50. During 
those three years, the United States 
Government stockpiled some 5% of the 


world’s total production of copper and 
zinc, 8% of that of lead, and no less 
than 21% of the total production of 
tin, and that is the cause of our present 
shortage. The mine production for the 
same three years (1948-50) is sum- 
marized in Tables III and IV. 


Since 1950 the position has changed 
a little, and now I think that it is our 
defense requirements which are throw- 
ing production and consumption out of 
balance. Stockpiling has been at a very 
much lower rate this year, and will 
probably be smaller still next year. 
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TasLe II.—Summary of Production and Consumption for 3-Year Period 1948-50. 


(Thousands of metric tons) 


Tonal 

‘ Con- pecia ota 
Nauction” | sumption’ | | Aegount | Excess 

for 3 Years 

7065 6940 + 125 384 — 259 
5063 4868 + 195 273 — 78 
4549 4072 + 477 354 + 123 
Aluminum ....... 3529 3447 + 82 31 + 51 
seen 507 402 + 104 107 — 3 


Taste III—World Mine and Smelter Production of Copper, Zinc, and Lead 
1948-50. 


(Thousands of metric tons) 


1948 1949 1950 
Copper Mine production 2120 2051 2280 
Metal content of scrap 155 199 239 
; Combined total 2275 2250 2519 
Refinery production 2291 2237 2537 
Zinc Mine production 1542 1593 1764 
Metal content of scrap 64 83 130 
. Combined total 1606 1676 1894 
Smelter production 1564 1680 1819 
Lead Mine production 1282 1347 1466 
Metal content of scrap 68 137 143 
d Combined total 1350 1484 1609 
3S Smelter production 1365 1510 1674 
of 
nt 
- TasBLe IV.—Summary of Mine and Smelter Production for 3-Year Period 1948-50. 
(Thousands of metric tons) 
Mine Prod 
ine Froduc- 
tion}. Serap Production 
ry pT 5176 5063 + 113 
rill 4443 4549 — 106 
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THE LONG-TERM DEMAND 


In a general way it is easy to deter- 
mine roughly the requirements for the 
next few years, but it is very much 
more difficult to determine the consump- 
tion trends farther ahead. Recently we 
have been going through a period of 
accelerated industrial activity, and over 
the last fifty years there has been a 
steady upward trend in production, de- 
spite fluctuations. The most spectacular 
rise has been that of aluminum, par- 
ticularly in terms of volume (Figs. 1 
and 2). 

Price also has a very important influ- 
ence on the consumption of metals, 
though it is overshadowed just now by 
shortages. Between the wars there does 
not seem to have been any significant 
relationship between price and output, 
the slow downward trend in prices cor- 
responding with the slow increase in 
the value of money as measured by the 
wholesale price indices (Fig. 3). Prices 
began to move upwards at the outbreak 
of war, and continued to do so until the 


middle of 1948, when there were some 
minor fluctuations. Prices have again 
started to mount, the falls being arrested 
by the new demands which occurred 
after the start of the Korean war. Be- 
tween the wars the relationship between 
the prices of the different metals never 
changed significantly, but aluminum is 
now very much cheaper than the other 
non-ferrous metals by volume, and I 
think that this is of great importance, 
because the price gap between the old 
and new metals may become even wider 
in future (Fig. 4). The average costs 
of copper, zinc, and lead may be ex- 
pected to rise when new production is 
brought in, since this will mean the use 
of lower-grade ores; but with aluminum 
and magnesium there are abundant sup- 
plies of ores, and new production will 
depend on increasing the supply of elec- 
tric power. The prospects are good in 
many parts of the world, so that alu- 
minum looks like competing favorably 
in the future on a cost basis. 


ae 
Fios. 1 and 2.—World Production of Metals (1) by Weight and (2) by Volume, 1900-50. 
MULAN i | 
Tift A | 
i 
H 


1 


Fras. 3 and 4.—Average Annual Price of Metals in Britain (3) by Weight (1913-50) and (4) by Volume (1937-50). 
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Magnesium is another metal which 
is likely to be very important in the 
future, on account both of its proper- 
ties and of its comparatively low price. 
At present its price per pound in the 
United Kingdom is about twice that of 
aluminum, but its specific gravity is 
only 1.7, compared with 2.7, so that 
the price per cubic foot is not much 
greater. The price of magnesium is 
now much higher here than it was a 
year ago, probably because of the sud- 
den increase in the demand as a result 


consumption grows, aluminum and mag- 
nesium will take an increasing share of 
it, and thus the rise in the consumption 
of copper, zinc, lead, and tin is likely 
to be less steep than the rise in indus- 
trial production throughout the world. 
This has already occurred in the United 
Kingdom, where industrial production 
from 1946 to 1950 rose some 40%, 
though the consumption of various 
metals rose by very different percent- 
ages, e.g., aluminum 56, zinc 13, cop- 
per 6, and lead 3; while tin consumption 


of rearmament. In the U.S.A., how- actually fell. Hitherto, a certain con- 
{ ever, the price is still only 35% above  servatism has caused the older metals 
. that of aluminum. At the end of the to be chosen for many purposes because 
“ war huge stocks of magnesium were they have always been so used. Now, 
' left over, so that production virtually however, aluminum is establishing a 
: ceased, and it has only just started tradition of its own which will tend to 
: —. increase its use at the expense of the 
1 The low prices of aluminum and older metals, and the same applies in a 
magnesium when compared with the lesser degree to magnesium. 
older metals on a volume basis mean 
, that we are now faced with an entirely Titanium is another metal for which 
f different pattern of consumption from a great future is predicted, though it 
y that which prevailed between the wars, seems likely to compete more with steel 
and that more and more non-ferrous than with the non-ferrous metals. Plas- 
metals are becoming available for gen- tics may make big inroads into the non- 
eral use. The indications are that, as ferrous metals field in the future. 


CIRCULATION OF SCRAP 


In any survey of the pattern of fu- 
ture consumption, allowance must be 
made for the important role played by 
scrap, the amount of which will con- 
tinue to rise in increasing proportion 
with the rise in consumption of virgin 
metal. Only when consumption rises 
quickly, as is now the case, does the 
available scrap tend to lag behind and 
to aggravate present shortages. 

H. J. Miller estimates the total pro- 
duction of lead from 1847 to 1947 at 
85 million tons, of which 65% may be 
ultimately recovered as scrap. In the 
same period 80 million tons of copper 
were produced, 60% of which may 
ultimately be recovered. This recover- 
able scrap constitutes a vast pool of 


metal which will continually be reused 
and recirculated, virgin metal being 
constantly added to it as is necessary 
to meet demands. 


Lead is the classic example of the 
importance of scrap, which nowadays 
amounts to some 40% of the metal con- 
sumed. The greater part of this is re- 
covered by salvage, the remainder being 
process scrap. The lead-scrap pool dates 
back a very long time, and its growing 
size may in fact account for the slight 
decline in the consumption of virgin 
metal. Until recently the main dissipat- 
ing use of lead was in pigments, but 
now, of course, we have the very im- 
portant use in the U.S.A. for high- 
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octane petrol, and that may change 
the situation in a few years. 


Copper is another almost indestructi- 
ble metal, but its cycle of return to the 
pool is much longer. At present about 
35% of the copper used comes from 
scrap, of which between one-half and 
two-thirds is the result of salvage, the 
remainder being process scrap. Copper 
has been used on a large scale only for 
a generation or two, and in twenty or 
thirty years from now the pool may 
have grown to be just as important as 
that of lead, or perhaps even more im- 
portant. The only dissipating use is for 
copper sulphate. 


With zinc, the scrap now represents 


only some 25% of the metal consumed, 
but the prospects of the pool growing 
are not so good, since some of the main 
uses of zinc require the complete loss 
of the metal, as in protective coatings 
and in pigments. 


Tin is used mainly in an indestructi- 
ble metallic form. Its chief use is in 
very thin coatings on steel, and most 
of this metal is not recovered, although, 
because of the high price, 20-30% of 
the tin used in this country and in 
America is secondary metal from vari- 
ous sources. 

I feel that the best form of conserva- 
tion lies in reclaiming metals rather 
than in prohibiting their use. 


THE WORLD RESOURCES 


Before considering the resources of 
ores which are available to meet future 
requirements, some general observations 
on world resources may be worth mak- 
ing. First, up to the present certainly 
not more than two-thirds of the land 
surface of the earth can be said to have 
been explored for minerals. While it is 
probable that the remaining third will 
be found to contain less mineral wealth 
in proportion, there must nevertheless 
be huge unknown resources still await- 
ing location. Most of the great dis- 
coveries in the past twenty years have 
been made in the so-called explored 
regions, and these will no doubt con- 
tinue. It must not be forgotten also that 
the period between the two world wars 
was one of over-production, when there 
was no urge to seek new ores. 


Another factor which has an im- 
portant bearing on the estimation of 
world resources is that in the last 
twenty years important new methods of 
locating ore bodies have been introduced, 
although science has not yet succeeded 
in evolving any method of locating 
really deep deposits. 


The present high prices have led to 
much more active prospecting, the re- 


sults of which can be seen in the large 
number of new mines and workings now 
being opened up; and here it is to be 
noted that these ventures have been 
based on work begun when prices were 
much lower than they now are. Another 
result of the price stimulus will be the 
exploitation of poorer ores than those 
previously worked, and, as extraction 
techniques improve, the amount of such 
ores increases. The mining of ores at 
lower level will also prove economic. 
Many mining companies know quite 
well what additional reserves can be 
reckoned on as prices advance. 


I now propose to deal with each metal 
separately and to examine the estimates 
of resources made by different experts. 


Aluminum. — Aluminum constitutes 
8% of the earth’s crust, though only 
bauxite is being mined on a large scale. 
Bauxite is, however, found in large 
quantities in many parts of the world, 
and there is no immediate prospect of 
other sources having to be used. The 
only factor likely to limit aluminum 
production is the availability of elec- 
trical power, the cost of which con- 
stitutes about 60% of the present cost 
of the metal. The future of aluminum 
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is very closely linked with the develop- 
ment of hydro-electric power or other 
large-scale plants for producing elec- 
tricity cheaply. It is estimated that the 
total world output in 1951 will be 15% 
higher than in 1950, and by the end of 
1953 as much as 50% higher than it 
is today. A dozen new smelters are in 
course of erection in different parts of 
the world, the largest being in North 
America. 


Magnesium. — Magnesium is in a 
similar position to aluminum, in that 
it is very plentiful and is believed to 
constitute 2% of the earth’s crust. It 
is obtained from deposits of magnesite 
and dolomite and from brines and sea- 
water, and so is virtually unlimited. Its 
production generally requires electric 
power, though thermal processes are 
also used. The U.S.A. consumed about 
20,000 tons of magnesium in 1950, and 
expect to use some six times this 
amount annually by 1960. Production 
is being increased accordingly. 


Copper. — Authoritative figures for 
the reserves of copper are difficult to 
obtain. The total “officially reported” 
in the Yearbook of the American Bu- 
reau of Metal Statistics for 1951 is 
approximately 60 million metric tons, 
but this does not include a number of 
the largest mines both in America and 
elsewhere. From recent company re- 
ports, it is evident that approximately 
7.9 million tons should be added to the 
above figure, but even this fails to in- 
clude many important mines for which 
no reserves have been published, though 
they may be estimated at about 16 mil- 
lion tons. It is therefore safe to as- 
sume that there is a reserve of at least 
100 million tons of copper at present, or 
sufficient for at least 44 years at the 
current rate of consumption. 


Prospecting for fresh deposits is con- 
tinually going on, and valuable “finds” 
are not infrequently made; it should be 
remembered, for instance, that the enor- 
mous ore-bodies of the Northern Rhode- 


sian copper belt were unknown until 
about a quarter of a century ago, and 
other deposits of comparable magnitude 
may well be discovered in years to come. 
It is apparent, too, that as methods of 
extraction improve, grades of ore pre- 
viously regarded as uneconomical will 
become workable; and the development 
and continual improvement of the froth- 
flotation method of concentration is a 
dominating factor in this direction. 


For these and other reasons there 
seem to be no grounds for supposing 
that supplies of copper will be insuffi- 
cient to meet the essential requirements 
of an expanding economy for many 
years to come. 


Zinc.—With zinc, we have more esti- 
mates of the resources than with most 
of the other metals. The latest and 
most authoritative survey was given in 
1948 by K. C. Dunham, who observes 
that a high proportion of the estimated 
reserves mentioned falls within the pos- 
sible and speculative (inferred) cate- 
gories; nevertheless, the estimates are 
made by experienced mining engineers 
and are not flights of fancy. Other 
reliable estimates have been made by 
W. R. Ingalls, in 1931, and by W. P. 
Shea, in 1940 and 1947. The figures, 
given in Table V, are very interesting, 
because these reserves appear to grow 
with each new estimate. 


TABLE V.—Zinc Consumption 
and Reserves. 


(In millions of metric tons) 


Year | | Reserves 
1931 1.1 24.5 
1940 18 39 
1947 1.6 57 
1948 1.8 65 


Discoveries of new zinc deposits are 
being made in many parts of the world, 


267 


METAL ECONOMICS 


and are far too numerous for detailed 
mention. The most important are per- 
haps those in Canada and French North 
Africa. In Canada the new Barvue 
mine alone expects to produce 4000 tons 
of, ore per day in 1950, and surface 
drilling has already outlined 17 million 
tons. of ore. 


The exploitation of poorer ores, as 
well as of the vast heaps of slag from 
lead blast furnaces which lie all over 
the world, will be a further source of 
metal, assuming that present prices con- 
tinue. Thus at Bergamo, in Italy, a new 
smelter is being built especially to deal 
with the abundant local supplies of 
poor-grade ore. 


Lead.—In the case of lead there has 
so far not been any overall world short- 
age, though there have been local short- 
ages in some countries which in future 
may become more serious, particularly 
if the shortages of zinc and copper con- 
tinue. Since zinc and lead are generally 
found together, the new mines referred 
to under zinc will provide an important 
addition to the reserves of lead. Shea 
and Dunham have both made estimates 
of the world reserves of lead, shown in 
Table VI. 


Tin.—Since the end of the war the 
production of tin has been in excess of 
consumption, the shortages experienced 
during and immediately after the war 
having allowed substitutes to become 


VI.—Lead Consumption 
and Reserves. 


(In millions of metric tons) 


Annual Rate Estimated 


Year of Consumption Reserves 
1947 18 32.5 
1948 1.6 31 


well established. It has been said that 
the resources in Malaya, from which 
about 35% of the world’s tin is obtained, 
are rapidly being depleted, but the real 
trouble is that prospecting has been pre- 
vented by local disturbances. Good re- 
serves are known to exist in Indonesia, 
the Belgian Congo, and Bolivia. 


In general, the reserves of the princi- 
pal non-ferrous metals seem to vary ac- 
cording to likely future demands with 
aluminum at the top of the list and 
lead at the bottom. It is fashionable 
nowadays to quote the known reserves 
of metals in terms of their life at the 
present rate of production. I have there- 
fore reproduced in Table VII figures 
prepared in 1949 by Elmer W. Pehrson, 
of the U.S. Bureau of Mines. Since 
those estimates were made, there have 
been some substantial new discoveries, 
so that I do not think that they represent 
by any means the last word. 


Taste VII.—Estimated World Reserves of Non-Ferrous Metals (1949). 


World Reserves 


Metal 


Years’ Supply at 
Current Rate of 
Production 


Thousands of 
Metric Tons 


Copper (recoverable content)....... 
Zine (eross: comjent} 
Tin (recoverable content).......... 


1,400,000 200 
100,000 45 
70,000 39 
6,000 38 
40,000 33 
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TasLe VIII.—Consumption of Copper and Zinc (1938, 1949, 1950, and 1951). 


Copper U.K U.S.A Belgium | France | Australia Italy Canada 
1938 Quarterly average | 66,400 | 96,112 7,500 | 28,025 | 4,350 | 23,000 | 9,247 
1949 Quarterly average | 80,975 | 234,750 | 11,750 | 30,050 | 8325 | 15,800 | 23,000 
1950 Quarterly average | 84,775 | 326,250 | 14,250 | 29,250 | 8900 | 22,525 | 24,275 
1951 First quarter 83,100 | 313,000 | 17,800 | 37,200 | 8,505 000 | 29,200 
Second Quarter 87,700 | 316,000 | 19,200 | 31,300 | 8,900 | 29,000 LE 
Fourth Quarter 
allocation 87,450 | 317,460 | 16,480 | 25,030 | 8,500 | 23,080 | 27,580 
Zinc 
1938 Quarterly average | 54,850 | 102,822 | 25,875 | 22,250 | 8,060 8,775 9,017 
1949 Quarterly average | 50,475 | 171,500 | 15,000 | 26,750 | 11,250 7,025 | 10,350 
1950 Quarterly average | 60,150 | 249,200 | 16,250 | 25,250 | 13,000 | 8,750 | 12,750 
1951 First quarter 46,400 | 195,200 | 19,000 | 27,100 | 12,100 | 11,000 | 14,100 
Second Quarter 46,600 Cutt 29,000 | 27,900 | 13,100 | 11,000 | 15,400 
Fourth Quarter 
allocation 58,450 | 221,461 | 22,160 | 26,910 | 13,010 | 9,390 | 12,780 


OVERCOMING THE PRESENT SHORTAGES 


Having shown that the long-term 
supplies should cause little anxiety, I 
must now turn to the problems of the 
present shortages, where the position is 
much less clear. I think it is evident 
that they were brought on by stock- 
piling and are now being aggravated by 
the demands for defense. Furthermore, 
as always, every shortage seems to 
create an extra demand. The present 
situation appears likely to continue for 
some time, and to be followed by a 
fairly heavy demand for civilian con- 
sumption for an indefinite period. All 
this uncertainty affects the flow of in- 
vestment towards the development of 
mining and smelting, and the time-lag 
between the decision to open a new 
mine or build a new smelter and actual 
production must always be allowed for. 
Moreover, it must be realized that this 
is almost the first time, apart from war 
conditions, when metal consumption has 
exceeded production, and producers 
naturally fear a sudden return to the 
former state of affairs. Nevertheless, 
many new mines are being opened up, 
and the Engineering and Mining Jour- 


nal mentions no less than fifty new cop- 
per, zinc, or lead mines as having been 
opened during the first six months of 
this year. I believe that the real short- 
age is only a matter of a few percent, 
and is likely to be over fairly soon; but 
we are always faced with the difficulty 
that we cannot determine the extent of 
the demand so long as consumption is 
limited by the shortage of metal. 


Before considering our own prospects, 
it is interesting to see what has been 
happening to consumption in the lead- 
ing countries since the shortage began. 
The figures in Table VIII show that 
consumption has risen in almost every 
country, with the exception of the 
United Kingdom and the U.S.A. In 
other words, the countries with the big- 
gest purchasing power have felt the 
shortage more acutely than the others. 


The causes of this situation seem to 
be fairly clear. First, there is the rapid 
growth of the fabricating industries in 
exporting countries such as Canada and 
Australia. In Australia the home con- 
sumption of zinc has been encouraged 
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by the fixing of an exceptionally low 
internal price. More recently, the Cana- 
dian fabricators have been able to buy 
metals more cheaply than the users of 
Canadian metals in this country, and 
the same price differences can be seen 
in other exporting countries. This, of 
course, is not a new trend, but it is 
being given further encouragement now 
that the exporting countries find that 
money is losing its value and often 
does not command the equipment and 
machinery which they need. 


Secondly, planning and control have 
become features of economic policy both 
here and in the U.S.A. In both coun- 
tries efforts have been directed towards 
keeping the price of metals down, and 
recently even the U.S.A., with its colos- 
sal dollar purchasing power, has found 
itself outbid for foreign ores simply be- 
cause it could not turn the ores into 
metal which it could sell at the home 
price. 


The wholehearted determination of 
America and ourselves to solve our diffi- 
culties and those of the free world gen- 
erally by international planning and 
control is shown by the setting up of 


the International Materials Conference, 
which has the object of ensuring the 
fair distribution of the raw-material 
resources of the world. Here it may be 
remembered that previous schemes for 
the international distribution of metal 
have seldom proved successful, and it 
remains to be seen whether the threat 
of aggression may make the chances of 
success better now. If the International 
Materials Conference allocation scheme 
should fail, the U.S.A. may well resort 
to buying for its armament needs at 
higher prices in the open market. This 
in turn may lead to a general resumption 
of free trading in metals, and possibly to 
the weakening of the present arrange- 
ments whereby we and the U.S.A. are 
able to get good supplies of metal more 
cheaply than most other countries. 


The loss of the free market means 
that the planners have now to decide for 
what purposes metals or their substi- 
tutes are to be used. In any case, the 
pattern of control and planning seems 
likely to last for some time, and the 
prospects of an early return to free 
markets are rather remote. In this con- 
nection it is interesting to examine Fig. 5 
which shows the changes in production 


Crowe ot times greater 


Fic. 5.—World Distribution of Meta] Production Before and After the War. 
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that took place between 1938 and 1950. 
It will be seen that during that period 
nearly all the new production was in the 
dollar area. It seems to me that there are 
three ways in which we might consider 
improving our present position: (i) by 
placing long-term contracts, (ii) by en- 
couraging production in non-dollar areas 
where we may expect to enjoy a first call 
on new output, and (iii) by maintaining 
and fostering ventures with headquart- 
ers in London. 


We and the U.S.A. have already 
placed long-term contracts, often ac- 
companied by loans, a condition of the 
loan being the repayment of the money 
in metal arising from the new produc- 
tion. An outstanding example is our 
arrangement with the Canadian alumi- 
num producers. The U.S.A. has made 
rather similar arrangements with the 
use of E.C.A. funds, the loans being 
made to mines and smelters in Europe. 
Incentives to increase production and 
to bring new mines into operation have 
been adopted in other countries and, 
since the development of mining in the 
Commonwealth is still largely based on 
London, we might also take steps to 
ensure that incentives at least as effec- 
tive are available to firms with mines 
in Britain itself and in the Common- 
wealth. 


In the U.S.A. approved new mining 
and smelting projects can secure accel- 
erated tax amortization. Eighteen of 
the new projects so favored are expected 
to yield by 1955 96,000 metric tons of 
copper, 106,000 metric tons of lead, 
and 230,000 metric tons of zinc. Alu- 
minum production is being increased by 
the same means, and a total of 1,175,000 
tons is expected to be produced by 1955, 
and 178,000 tons of magnesium. The 
United States authorities have also un- 
dertaken, in the event of a fall in prices, 
to purchase metal or concentrates at an 
agreed floor price in the case of other 
new ventures for a period sufficient to 


ensure the return of capital. In addi- 
tion they have made advances for ap- 
proved prospecting ventures repayable 
in terms of metal or ores. In Canada 
a new mine is allowed exemption from 
tax for three years, and the high rate 
of mining development there is good 
evidence of the effectiveness of that 
method of encouragement. 


Before applying such incentives here, 
however, our taxation laws would ap- 
pear to need overhauling, since at pres- 
ent they represent a serious drawback 
to London-based mining companies, 
which have tended to remove their 
headquarters elsewhere in recent years. 
We cannot overlook the fact that these 
London-based companies have been our 
best and most certain sources of supply 
in the past, and may be even more im- 
portant to us in the future. It seems 
unfair that these companies, the opera- 
tions of which are carried on overseas, 
should be liable to United Kingdom tax 
on all their profits, whether or not they 
are remitted to this country. Moreover, 
British-controlled mining companies do 
not enjoy depletion allowances com- 
parable with those in other countries, 
and particularly in North America, 
where large depletion funds can be built 
up out of tax-exempt current revenue, 
these funds being available for further 
exploitation when existing ore-bodies 
are worked out. 


These are but a few of the changes. 
which our taxation laws would seem to 
need, if British companies are to con- 
tinue to play a part in opening up world 
resources. However equitable our min- 
ing taxation may be compared to that 
imposed on other United Kingdom in- 
dustries, it falls far short of the prac- 
tice in other countries, and that is the 
real criterion. Not a single mining com- 
pany of any size has been floated in the 
United Kingdom since the war, and it 
seems certain that none will be under 
present conditions. 
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Metals as Natural Resources 


BY PROFESSOR S. ZUCKERMAN,* 


The shortages with which we are con- 
cerned signify far more than transitory 
dislocations of the market. They mean 
that all over the world manufacturing 
industries are turning over much faster 
than production industries. The increase 
in population, the facts that standards 
of living are rising everywhere, that the 
backward races are becoming industrial- 
ized and that their consumption is going 
up, that rearmament is taking place, and 
that stockpiling is occurring all add 
pressure to the demand on resources. 
But not one of these factors taken 
separately is new. There are two things, 
however, that do seem to me to be new. 
The first is the fact that the rate of 
demand appears to have gone up enor- 
mously in the last ten years. The second 
is that, much to the surprise of a num- 
ber of prophets, there has been no 
slump. 


The central problem to which we 
have to direct ourselves is the disparity 
between demand and supply. This dis- 
parity was the theme of a series of 
articles which recently appeared in the 
Economist entitled “Agenda for the Age 
of Inflation.” These expressed the view 
that as far as one can see ahead there 
is going to be too much money chasing 
too few goods. That is another way of 
saying that the rate of demand is going 
to rise at a greater rate than the rate 
of supply, and that the value of money 
will decrease. 


In a recent paper, Professor Lewis, 
the head of the Department of Eco- 
nomics at Manchester University, has 
assembled figures for countries on this 
side of the Iron Curtain to show that 


the fundamental reason for the overall 
problem which faces us today’ is not 
excessive demand but shortage of sup- 
ply. He does not accept the conclusion 
that in the commodities field there will 
be a balance if one or two extraneous 
factors are removed. 


He points out that if the rate of 
growth of world industry over the past 
70 years is plotted, it is found—sur- 
prisingly—that the rate of increase of 
growth of manufacturing industry has 
been falling off recently in the world 
and not rising. The rate of increase for 
the 40 years before 1914 was 3.7% per 
annum, and since then the rate of in- 
crease has fallen to 2.5%. The same 
trend is demonstrated in the figures for 
the U.S.A., where between 1873 and 
1913 manufacturing industry increased 
at the rate of 4.8% per annum, whereas 
from 1913 to 1929 the rate of increase 
was 3.8%, and from 1929 to 1950 it 
was 3.1%. In other words, and rela- 
tively speaking, the rate of growth of 
demand has been declining. 


Professor Lewis also provides figures 
which show that whereas before 1913 
the raw-materials industries of the 
world were growing roughly at the same 
rate as manufacturing industry, since 
then there has been an increasing dis- 
parity (Table IX). 


The growth of manufacturing indus- 
try is paralleled by the growth of the 
metals and fuel industries, and there is 
very little disparity there. The main 
disparities are in food production, popu- 
lation increase, and agricultural raw 
materials, which include, of course, all 
fiber production. Within each of these 


* University of Birmingham; Chairman of the National Resources Technical Committee. 
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TasLe [X.—Increase in Productivity 1913-50. 

1913 1929 1937 1950 
Manufacturing production .......... 100 152 172 247 
Agricultural raw materials.......... 100 149 194 178 
All primary production............. 100 127 140 155 
World 100 113 124 138 


classes there are enormous differences 
between various commodities, and the 
separation of these classes is naturally 
very broad, but in general let us agree 
with Professor Lewis that there has been 
this divergence and let us also accept 
the very important fact which emerges, 
namely that in the world today the 
primary reason for the disparity be- 
tween supply and demand is shortage 
of production of primary materials 
and not excessive demand. 


Turning to changes in the pattern 
of consumption—a factor which Mr. 
Stubbs has illuminated extremely well 
—we see these changes occurring 
partly because of the development of 
relative scarcities in the amounts of 
lead, tin, zinc, and so on, which are 
available, and also because of the in- 
tervention of new materials. As Mr. 
Stubbs has shown, these changes in 
availability have to be looked at not 
only in terms of volume, but also in 
terms of price. It is important to note 
here that, while the increase in scien- 
tific knowledge and in improved meth- 
ods of dealing with minerals and 
metals has apparently reduced the cost 
of handling these commodities, never- 
theless these economic benefits have 
become swamped, as far as the old, 
conventional minerals are concerned, 
by increasing labor costs, transport 
costs, and so on. 


This does not necessarily apply, as 
Mr. Stubbs has also shown, to some 
of the newer metals, as aluminum, for 


example, the price of which is fairly 
constant. You therefore have a change 
in the pattern of relative values and 
a change in the pattern of relative 
availability, and these two things de- 
termine the changes in the pattern of 
consumption and also what we call 
“substitution,” which will occur and 
which has always occurred whenever 
there has been an economic advantage 
to be gained by it. 


On the other hand, as far as I can 
make out, substitution does not mean, 
or has never yet meant, any reduction 
in the use of a material for which a 
substitute is being found. Even though 
the production of lead has been falling 
over the years, nobody has suggested 
that the amount of lead which is avail- 
able is not being used. 


So far as the world as a whole is 
concerned, obviously the only way to 
overcome these difficulties in the long 
term is to see that capital is attracted 
to the raw-materials industries. The 
position is difficult for private invest- 
ment. Private investors rarely go into 
food production abroad in a big way, 
and today it is plain that many people 
are nervous about investment abroad, 
not only because of political uncertain- 
ties but also because at present the 
private investor has to reconcile the 
advice of pessimists talking about long- 
term shortages and difficulties with 
the fact that at any given moment 
there may be a glut of some particular 
commodity. 
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If the world problem of stimulating 
the primary-materials industry is not 
solved by private industry, clearly 
Government investment has to come 
in, but I do not want to go into that 
aspect of the problem. 


Having talked so far about the world 
problem, I should like in conclusion to 
refer to our own particular problem. 
In this country we are importers: we 
live by the added value that we give 
to raw materials which we get from 
abroad and which we then export. We 
get 50% or more of our food and 80% 
of our raw materials of industry 
from abroad. Our capacity to secure 
these depends on our competitive posi- 
tion in the world markets. Our com- 
petitive position is not as strong as 
one would like. In fact, if there is 
one point on which I disagree with 
the analysis of Mr. Stubbs, it is his 
suggestion that this country and the 
U.S.A. have been the two most power- 
ful countries since the end of the war 
as far as world trade is concerned. I 
would say that we have been extremely 
limited in our competitive power in 
obtaining materials at various times. 
Because we are in a weak position, 
we must remember not only that the 
International Materials Conference is 


very important, but also that develop- 
ment -plans in other countries can 
affect us enormously. 


I think, as Mr. Stubbs does, that 
every encouragement should be given. 
to the mining industries. I also feel 
that, in addition to overseas invest- 
ment, we should not forget to survey 
our own country. It is unfortunate 
that the Mineral Development Com- 
mission was not set up. Circumstances 
prevented it, but it would have done a 
great deal towards a rational survey 
of the resources of this country. Fur- 
thermore, it might have done much 
to stimulate deep exploration, and at 
the same time it might have helped to 
bridge the gap between the gaining of 
new knowledge about our resources 
and the exploitation of those resources. 


We have to take a rational view of 
the future. I myself am not convinced 
that the price mechanism alone is a 
sufficient guarantee that materials will 
be there when they are required. We 
have to reconcile private and public 
interests in some way and find a means 
whereby private initiative and skill and 
enterprise can be so unleashed that it 
will be to the public good, not only in 
this country but over the whole world. 


World Demand and Resources of Iron Ore 


BY T. P. COLCLOUGH,* C.B.E., D.SC. 


The steel industry has been well 
described as one of the basic industries 
of the modern world, and the produc- 
tion of crude steel in the world has risen 
from about half a million tons in 1870 


to over 160 million tons in 1950. The 
fundamental raw materials of steel are 
iron ore and scrap to furnish the metal- 
lic iron, and coal to supply the neces- 
sary heat required in the operations. 


* Technical Adviser, British Iron and Steel Federation. 
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SCRAP SUPPLIES 


While the proportion of scrap used 
in steel-making may vary from coun- 
try to country according to the process 
employed, the percentage of scrap 
arising over the world as a whole 
bears a fairly constant relationship to 


the gross tonnage of steel.made. Tak- 
ing a broad view, the rolling of steel, 
its processing into finished form, and 
the return of obsolete or used plant 
give in total a volume of scrap equal to 
roughly 50% of the ingot weight made. 


PIG-IRON REQUIREMENTS 


Again taking a broad view and aver- 
aging the yields for the various steel- 
making processes, the weight of metal- 
lics—scrap and pig iron—required for 
steel-making is approximately 110% of 
the ingot weight. It therefore follows 
that the pig iron required for steel- 
making is approximately 60% of the 
crude steel produced. To this must be 
added about 4% for the ferro-alloys 
consumed and pig iron used for the 


making of ingot moulds, giving a total 
blast-furnace product requirement of 
about 64% of the ingot weight made. 
The world production of 160 million 
ingot tons in 1950 required approxi- 
mately 100 million tons of pig iron and 
ferro-alloys, as compared with a total 
pig-iron production of 113 million tons, 
the remaining tonnage being required 
for foundry and other types of pig iron. 


IRON ORE 


The total world production of iron 
ore in 1949 is estimated at practically 
220 million tons. Distribution of the 
production of iron ore, pig iron, and 
steel among the principal countries 
is given in Table X, For convenience, 
the steel-producing countries of the 
world may be divided into four groups: 
(a) the United States and Canada, 
(b) Western Europe and the United 
Kingdom, (c) the U.S.S.R. and _ its 
associated countries, and (d) the rest 
of the world—South America, South 
Africa, India, and Australia. The pro- 
duction figures for these four groups 
are given in Table XI. The data for 
the U.S.S.R. are all estimated, and no 
useful purpose would be served by a 
detailed examination. It may be as- 
sumed that the ore and coal require- 
ments for this group will prove ade- 
quate. 


So far as group (d) is concerned, 
these industries exist principally to 
meet local demands and have adequate 
indigenous resources. It is not antici- 
pated that, except in the case of South 
America, these resources can make a 
positive contribution to the require- 
ments of the large consuming groups 
(a) and (b). 

(a) U.S.A. and Canada.—The U.S.A. 
and Canada have a combined capacity 
for over 100 million tons of steel per 
year and require approximately 100 
million tons of ore. The ore reserves 
are extremely large and, while enormous 
tonnages have already been extracted, 
further resources are being revealed. 
Experimental work on the beneficiation 
of the low-grade taconites, which are 
estimated at over 1 billion tons, has 
reached the stage of pilot-plant develop- 
ment, and large-scale production is ex- 
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Tas_eE X.—IlVorld Production of Ircn Ore, Pig Iron, and Steel (1949). 
(Million tons) 


Iron Ore Pig Iron Crude Steel 
% % % 

France and Saar...... 31.4—14.3 9.9— 8.7 10.9— 6.9 
Scandinavia: 14.1— 6.4 0.9— 0.8 1.4— 0.9 
12.5— 5.7 9.5— 8.4 15.6—10.0 
W. Germany. 9.4— 4.3 7.1— 6.3 9.2— 5.8 
North and West Africa 5.4— 2.5 oa 
Belgium and 

Luxembourg ....... 4.1— 1.9 6.1— 5.4 6.1— 3.9 
3.3— 1.5 2.1— 1.8 2.8— 18 
2.8— 1.3 1.6— 14 1.3— 0.8 
1.5— 0.7 1.0— 0.9 1.2— 0.7 
10.3— 4.7 9.8— 8.6 16.4—10.4 
Total production ..... 219.4 million tons | 113.4 million tons | 157.7 million tons 


pected within a very few years. Mean- 
while, developments on a large scale 
are in hand for the exploitation of the 
vast reserves of high-grade ore in Vene- 
zuela and on the Quebec-Labrador 


border. 


Each will provide 10 million 


tons of ore per year. 


New develop- 


ments are taking place in the American 
interests in West Africa, and there is 
a tendency to increase the import of ore 
from Sweden. These increased imports 
of ore must be used mainly at seaboard 
locations, and a_ second large steel- 


producing plant with a capacity of 2 


TasLe XI.—1949 Production of Iron Ore, Pig Iron, and Steel. 


( Million tons) 
Group Iron Ore Pig Iron Crude Steel * 
Jo Jo % 

(a) U.S.A. and Canada} 88.3—40.2 51.1—45.1 72.5—46.0 
(b) Western Europe 

and U.K. (ine. 

N. and N.W. 

80.9—36.9 35.8—31.6 47.2—29.9 
(c) U.S.S.R. and asso- 

ciated countries.| 38.0—17.3 20.2—17.8 29.6—18.8 
(d) Others ........-- 12.2— 5.6 6.3— 5.5 8.4— 5.3 
Total production...... 219.4 million tons | 113.4 million tons | 157.7 million tons 
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TaBLeE XII.—/ron Ore Available to Western Europe in 1949. 


(Thousands of tons) 


Imports 
Country — Other W N. Africa 

European America Others Total 

Countries 
France/Saar ...... 31,410 148 222 dad 26 396 
WRG 12,457 4,391 3,569 713 22 8,695 
W. Germany ...... 9,362 4,100 289 67 + 62 4,518 
Belgium /Luxem- 

4,137 8,920 110 38 23 9,091 
1,488 415 81 87 583 
521 99 66 165 
Norway’ 413 39 39 
Switzerland ....... 120 38 38 
Netherlands ....... Nil © 412 262 43 + 717 

75,489 18,463 4,632 861 286 24,242 
2,500 
Sierra Leone ...... 970 
5,3°0 
Summary of Western European Area 
82,026 
Less: 
— 3,834 


“Includes some pyrites and manganese ores. 
+ Brazil. 
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million tons per year is planned for the 
Atlantic coast. The known resources of 
iron ore are estimated as adequate to 
assure the life of the industry in the 
U.S.A. for over 100 years. 


Canada, with its limited steel pro- 
duction of about 3 million tons per 
year, has ample reserves of iron ore, 
and will undoubtedly act as an exporter 
of ore to both U.S.A. and Europe, the 
chief limiting factor being the severe 
winter conditions which restrict exports 
to about six months of the year. 


(b) Western Europe—For reasons 
of geographical proximity, it is con- 
venient to regard the ore-producing 
countries of North Africa and Sierra 
Leone as an integral part of this group. 
In 1949 this area produced roughly 47 
million tons of steel, 36 million tons of 
pig iron, and 81 million tons of ore. It 
is well known that the native ore re- 


sources of France, Germany, and Brit- 
ain are of comparatively low grade as 
compared with the ores available in 
America and Sweden. As a result, the 
weight of material to be mined, carried, 
and processed per ton of product is 
higher in this group than in any other 
producing area in the world. The de- 
tails of ore production, by country, are 
given in Table XII. 

This table shows that approximately 
95% of the ore produced in the area 
was consumed within its borders. Three 
countries show apparent deficiencies: 
the deficit of the largest importer, Bel- 
gium, Luxembourg, importing 9 million 
tons, is only apparent, since practically 
the whole of this ore is imported across 
the border from France. The two real 
importing countries are the United 
Kingdom and Western Germany, and to 
these countries supplies of ore from ex- 
ternal sources are vital. 


FUTURE REQUIREMENTS 


Each of the Western European coun- 
tries is engaged upon the task of mod- 
dernizing and expanding its steel pro- 
duction. The provision of the estimated 
increase in demand of raw materials 
presents one of the outstanding prob- 
lems. The production of iron and crude 
steel of the different countries for the 
year 1949 and the target estimates for 
the middle 1950s are given in Table 
XIII. It will be noted that, while both 
pig-iron and steel targets show substan- 
tial increases, the proportion of pig iron 
to steel rises from 75% in 1949 to 82.5% 
in 1955. It is self-evident that the 
manufacture of over 50 million tons of 
pig iron per year will result in a sub- 
stantial increase in the demand for iron 
ore. The first step to meet this, already 
in hand, is to increase production at the 
existing sources of supply, or to utilize 
more fully the present tonnage of ma- 
terials mined. 


In pre-war days considerable diffi- 
culty was experienced in disposing of 
fine ores which were inevitably pro- 
duced in the mining operations. Mech- 
anized and larger-scale operations will 
increase the proportion of these fine 
ores. This fine material must be utilized, 
and for this purpose all ore users have 
been urged to install further sintering 
capacity in order to deal with iron-ore 
fines, pyritic residues, flue dust, and 
other iron-bearing materials. Consider- 
able progress has been made in this di- 
rection in the United Kingdom, and it 
is anticipated that by 1953 the produc- 
tion of sinter in this country will be of 
the order of 5.25 million tons, as com- 
pared with slightly over 3 million tons 
in 1949, 


Each of the ore-producing countries 
in this group has submitted plans for 
the further development of its resources, 
and Table XIV gives an indication of 
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TasLe XIII.—Western European Production and Targets of Iron and Steel. 
(Thousands of metric tons) 


Pig Iron Steel 
Country 
1949 1955 1949 1955 

838 1,200 42 835 1,300 55 
3,749 4,870 30 3,849 4,850 26 
France and Saar...| 9,927 14,000 41 10,909 14,800 35 
W. Germany ...... 7,140 11,500 61 9,156 13,500 47 
393 1,450 269 2,055 3,100 51 
Luxembourg ...... 2,372 3,300 39 2,272 3,100 36 
Netherlands ....... 434 540 24 437 770 76 
61 75 22 61 150 149 
615 800 30 710 1,000 41 
811 1,250 54 1,370 2,050 50 
United Kingdom...) 9,499 | 12,185 28 15,553 17,500 12 

35,839 51,170 42 47,207 62,120 


the quantities of ore and their iron con- 
tent which it is estimated will be avail- 
able for the years 1953 and 1960 from 
these sources. It will be seen that the 
anticipated production of 48 million tons 
of iron would be approximately equal to 
the amount needed for the manufacture 
of 51 million tons of pig iron. It is, 
however, undesirable, if not imprac- 
ticable, to continue imports and discon- 
tinue the export of ore to other groups. 
If the export of ore is to increase pro- 
portionally, say from 4 to 6 million tons 
per annum, then new additional sources 
of ore supply must be established. 


It is well known that large reserves of 
iron ore in Northwest Africa which are 
as yet unsurveyed or undeveloped can, 
under certain conditions, be made avail- 
able. The Sierra Leone deposits can 
be mined on a larger scale and exported 
through the present port of Pepel. Work 
is already in progress to develop mining 
operations and a port at Conakry in 
French Guinea, and survey work is pro- 
ceeding on known deposits in Maure- 
tania. These, if developed, should be 
capable of producing together a total of 
8-10 million tons of ore. 


ECONOMIC CONSIDERATIONS 


Britain, in particular, and Western 
Germany depend to a very marked ex- 
tent on the import of ore. The new 
sources of supply in general present 
increasing costs of equipment and 
greater distances of transport. It is 
essential that these new enterprises 
should be based on a scale of production 
sufficiently large to carry the capital 


charges involved and at the same time 
reduce freight charges by the handling 
of the material in larger units of vol- 
ume. This raises a further outstanding 
problem, namely the provision of new 
shipping to carry the increased tonnage 
and the building of ships of such a size 
and design as to give the maximum 
efficiency and economy in transport. 
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TaBLe XIV.—Estimates of Iron Ore Production in Western European Area. 
(Millions of tons) 


a 1949 1953 1960 
Country 
% Ore Iron Ore Iron Ore Iron 

63 13.73 8.65 | 16.7 10.52 19:5. 1228 
INOEWEY 66 0.41 0.27 1.33 0.88 25 1.65 
32:5 | $1.41 12.67 40.0 | 13.00 
Luxembourg ......... 30 4.14 1.24 7.0 2.10 7.0 2.10 
W. Germany ......... 30 9.36 2.81 9.65 2.89 16.5 4.95 
United Kingdom...... 30 12.46 3.74 | 15.5 4.65 18.3 5.49 
36 1.49 0.54 2.55 0.92 3.0 1.08 
45 0.52 0.23 1.03 0.46 1.10; 0.49 
ee ee 48 1.85 0.89 2.3 1.10 2.35 1.12 
75.49 | 28.61 | 97.06 | 37.13 | 113.00} 43.52 

Morocco: 
45 0.37. | 0.17 0.75} 0.34 
58 0.88 0.51 1.20; 0.70 
52 0.71 0.37 1.75} 0.91 
5.28 2.79 8.25) 4.34 
Less exports ....... 3.83 2.37 6.00; 3.70 
Net available....... 76.94 | 29.03 115.25| 44.16 


It further demands the installation of 
modern equipment and port facilities for 
the rapid unloading of the ore ships and 
avoidance of delays in port in order to 
secure the maximum economic use of 
the ships available. It is hoped by these 
means to offset in a large measure the 
increase in costs arising from present 
conditions. Steps to meet these demands 
are already in hand in this country. 


Despite the magnitude of the prob- 
lem, the difficulty arising from increased 
capital costs, and the necessity for more 
adequate shipping and unloading facili- 
ties, there would appear to be no doubt 
that the proposed iron and steel pro- 
grams can be met, provided that the 
plans already formulated are attacked 
with vigor and fully implemented. 
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WARTIME LOGISTICS ABOARD SHIP 


CAPTAIN CARL J. LAMB, USNR 


THE AUTHOR 


who spent three years at the Naval Academy and was commissioned in the Naval 
Reserve in June, 1917, has contributed six previous articles to the JourNAL. In - 
addition to a long period of time in the central station and marine departments of 
the Westinghouse Electric Corporation, he has spent many years at sea in the 
Navy and Merchant Marine, and holds unlimited Marine Chief Engineers License, 
steam and motor, in addition to professional Engineer licenses for the states of 
Connecticut and Indiana. At the present time Captain Lamp is again on active 
_ duty as Supervisory Inspector of Naval Material at Houston, Texas. 


As the result of a year of partial 
mobilization, the fact is being brought 
home to responsible people in and out 
of the military services that many of 
the vital raw materials necessary to our 
military services are not available in 
the quantities essential to secure vic- 
tory. One of the most vital of these 
raw materials is petroleum, without 
whose fuel and lubricating products no 
part of our military or industrial ma- 
chine could function. 


The brief and rather elementary ac- 
count of the experiences of one Engi- 
neer Officer which follows is not in- 
tended to instruct the exceptionally able 
group of design and operating naval 
engineers responsible for fleet efficiency. 
The main intent is to cause thought, 
provoke discussion and to stress the 
importance of logistics and their par- 
tial application, aboard the individual 
ship. It is hoped that these experiences 
and observations will be useful to many 
of those reserve officers who will be 
operating naval engine rooms when the 
next all-out mobilization should occur. 


Many of the peacetime economies 
and practices of the naval regular estab- 
lishment are unknown to the average 
civilian, who is not usually aware of 
water, light, fuel or power shortages. 
Automatically, to most civilians, a faucet 
is turned and out comes water, a switch 
is operated and presto—there is light. 

In training reserve components, dur- 
ing the relatively short time available, 
there is little or no time to cover the 
points discussed here. Because of the 
rapid expansion of the Navy during 
World War II, the high percentage of 
new people not aware of the logistic 
importance of conserving fresh water, 
as an example, the per capita consump- 
tion rose from around 20 gallons per 
man per day to well in excess of 30 
gallons per man per day. This rep- 
resented a 50% increase in the fuel re- 
quired to evaporate that water ! 

During the emergency preceding 
World War II, while the writer was 
serving aboard the U.S.S. Vincennes, 
Rear Admiral (then Captain) Thor- 
wald A. Solberg, who had developed 
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the Navy method of treating boiler 
water, suggested to the Engineer Offi- 
cers of the Fleet the possibility of treat- 
ment of evaporator feed (sea) water 
with colloidal starch in accordance with 
a procedure he had worked out on a 
laboratory scale, with the hope of re- 
ducing or eliminating scale formation. 
Admiral Solberg’s suggestion aroused 
considerable interest, and was tried out 
widely. Due to lack of appreciation of 
the exact proportioning involved, and 
the use of inadequate equipment, many 
ships soon abandoned the experimental 
work. The Vincennes persevered and 
developed, under Captain (then Com- 
mander) Noble W. Abrahams, the En- 
gineer Officer, the practical and efficient 
use of colloidal corn starch to prevent 
the scaling of evaporator tubes.! 


The starch treatment, by preventing 
scale formation, produced an apprecia- 
bly greater quantity of water at a re- 
duced fuel consumption. Following that 
development, all current uses of fresh 
water aboard the Vincennes were ex- 
amined critically and eventually it was 
found possible to make appreciable re- 
ductions of water consumption as fol- 
lows: 


a. The use of sea water instead of 
fresh water in the vegetable prepara- 
tion room (only when outside of the 
50 fathom curve) saved 1400 gals. 
per day. 

b. As the result of careful experi- 
mentation it was determined that 
cleaner, softer, whiter clothes could 
be produced by the laundry, if the 
first two rinses were made with sea 
water instead of fresh water. This 
saved 7000 gals. per day and in addi- 
tion reduced the amount of bleaching 
compound required. 


Because of experience with several 
oil companies between wars, it was ap- 
preciated when on duty in the Pacific 
after 7 December 1941, that supplies of 
fuel oil and petroleum products would 
be critical. Considerable thought was 


given, therefore, to the reduction of fuel 
oil consumption, while serving succes- 
sively as Engineer Officer of the U.S.S. 
Copahee, Indianapolis and Atlanta. In 
addition to treating the evaporator feed 
water with starch, the use of sea water 
in vegetable preparation rooms, and the 
use of two salt water rinses in the 
laundries, the following additions and 
changes in existing operating proce- 
dure were established, for the reasons 
given: 


a. Lubricating oils contain approxi- 
mately 18,000 btu per pound, and 
vegetable oils approximately 14,000 
btu per pound. Accordingly, all spent, 
dirty or contaminated lubricating oils 
from aircraft engine crank cases, main 
turbine systems, auxiliaries, motor 
boats, hydraulic systems, etc., which 
could not be reclaimed for re-use as 
lubricants by settling and centrifug- 
ing, and all rancid vegetable oils from 
the galley, were struck down into the 
bunkers. On the three vessels men- 
tioned, this amounted to an average 
gain of 100,000 gals. per ship per 
year, or a total saving of 300,000 gals. 
of bunker oil on the three ships over 
a period of three years. 


b. Burning of oil by heating only to 
those temperatures which would give 
150/SFU viscosity at the sprayer 
plates, instead of the then existing 
practice of heating to 160°-180° F. 
It was found that all of the oil re- 
ceived aboard during the war in the 
Pacific from 1942 to 1945 required 
heating to only 110°-120° F. to ob- 
tain the ideal viscosity for proper 
combustion. As a result, the oil could 
be heated by auxiliary exhaust steam 
instead of by live steam, and conse- 
quently average fuel oil consumption 
was reduced by approximately 2%.? 


c. By eliminating the “light brown 
haze” and using 25% excess air, in 
conjunction with burning oil at the 
correct temperatures, it was found 
that practically complete and perfect 
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combustion was obtained, to the ex- 
tent that the boilers were always so 
clean and free of slag and soot on the 
fire sides, in the Indianapolis and At- 
lanta, that soot blowing was no longer 
necessary. When it is considered 
that tests on both ships showed an 
average fuel consumption of 700 gal. 
per night to blow tubes, this saving 
of 700 gal. per day was appreciable.” 


d. During an extended period of 
time, some of the materials of con- 
struction of lamp bulbs were critically 
short, and there was a consequent 
real shortage of these bulbs. Tests 
on the Copahee and Indianapolis indi- 
cated higher compartment tempera- 
tures and shorter life of bulbs, when 
the observed wartime practice aboard 
many ships, of leaving all lamps on, 
all the time, day and night, was fol- 
lowed, than when all lamps in com- 
partments, rooms, offices and spaces 
not occupied, were turned off. In 
addition, since fluorescent lights con- 
sume only approximately 14 the cur- 
rent required by Mazda lamps for 
the same light level, such lights were 
obtained and installed by ship’s force 
in offices, rooms, barber shop, ward- 
room, etc. In order to assure that 
only those lights were burning which 
were needed, the assistant engineers 
and all Engineering Chief Petty Offi- 
cers acted as permanent “light” police. 
Careful estimates showed an average 
saving of approximately 100 gal. of 
fuel oil per day, and a reduction of 
almost 40% in the replacement of 
light bulbs. 


e. By constant adjustment of trim 
and mean draft on the three vessels 
mentioned, to maintain designed con- 
ditions as nearly as possible, appre- 
ciable savings in fuel consumption 
were made, in addition to important 
gains in stability. 


f. During a large part of the war 
the Fleet and Task Force commanders 
required boiler power available for 
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full power upon an hour’s notice. 
Most ships, as a result, cruised at 
relatively low power with all boilers 
on the line. Operation at such low 
steam demand (percentage of rating) 
resulted in extremely low boiler effi- 
ciencies, and wasted excess auxiliary 
steam. On both the /ndianapolis and 
Atlanta, we cruised on only half of 
our boilers, keeping pressure on the 
other half at all times, by lighting off 
and raising pressure every eight 
hours, under which condition we 
never entirely lost pressure, and thus 
did not lose the latent heat. Our 
tests showed comparative savings of 
around 1000 gal. of fuel oil per day 
by this procedure. 


g. In addition to the efficiency to 
be gained by keeping the ship as near 
designed draft and trim, as possible, 
the writer has always had a firm con- 
viction that the less the roll of the 
ship, the less fuel will be required to 
maintain desired speed. Accordingly, 
due to the adverse free-surface effect 
of wing bunkers when filled to only 
95%, it was the invariable rule aboard 
Indianapolis and Atlanta to fuel at 
100%, and to maintain all tanks con- 
taining fuel or water full at all times. 
While no accurate estimate of fuel 
savings could be arrived at, there was 
a very noticeable reduction of roll 
and consequent increase of stability. 
When the Third Fleet passed through 
the eye of a typhoon off Okinawa, 
Atlanta rolled 38°, while the cruisers 
immediately ahead and astern of At- 
lanta were rolling over 50°.8 


h. The availability of high quality 
make-up feed water, in the quantities 
needed, is of vital importance to any 
steam-propelled vessel as is well 
known. Aboard both the Vincennes 
and Indianapolis, the average make-up 
feed consumption was 4000 gals. per 
day. When putting the Atlanta into 
commission we were warned that 
operating experience of the previous 
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18 cruisers of her class demonstrated 
make-up feed requirements of 10,000 
to 12,000 gals. per day, and the “water 
hours” would be necessary. A care- 
ful examination of the plant design 
indicated no possible requirements for 
over 4000 gals. per day if properly 
operated but upon going into com- 
mission the actual make-up feed re- 
quired at first was over 12,000 gals. 
per day. A thorough check indicated 
that the excess of over 8000 gals. per 

. day wasted make-up feed water was 
in either the laundry or sculleries. 
Close observation of both operations 
disclosed the needless wastage of 
water to be in the sculleries. By mak- 
ing “A” Division Officer responsible 
for the operation of the sculleries, and 
requiring inspections of the sculleries 
three to six times per day, the At- 
lanta operated from then on with 
make-up feed requirements of only 
3500-4000 gals. per day. It was never 
necessary to enforce water hours, nor 
to operate the evaporators more than 
18 hours per day. 


The above examples are of necessity 
confined to personal experience aboard 
individual vessels. The results obtained 
are, however, of appreciable value, if 
applied to an entire fleet. It was a 
matter of real pride to the subject ships 
that fuel savings were not only substan- 
tial but were recognized and commented 
upon. On the Tarawa strike, for in- 
stance, Commander of the Fifth Fleet 
commented on the fact that ndianapolis 
noon fuel reports showed an average 
consumption of 10% less fuel than did 
the reports of the other four heavy 
cruisers present. After the battle, Com. 


Fifth Fleet asked all ships present how 
much fresh water could be given to the 
12 L.S.T.’s present, all of which were 
out of fresh water. The only vessel 
present which volunteered to donate 
fresh water to the L.S.T. group was 
Indianapolis, which pumped _ 120,000 
gals. of fresh water to the 12 L.S.T.’s 
without the necessity of imposing “‘water 
hours” during or after the operation. 
After the Fifth Fleet struck Pellau and 
Yap, it was necessary for all ships 
present except /ndianapolis to fuel. She 
still had 26.5% of fuel aboard upon ar- 
rival at base. When it is considered 
that the service force supporting this 
strike contained 16 tankers protected 
by C.V.E.’s, C.A.’s and D.D.’s had all 
of the ships present operated at maxi- 
mum efficiency, the fuel requirements, 
and consequently the logistic support, 
could have been materially reduced. 

By the methods outlined above, the 
writer’s calculations indicate a_ total 
saving on the three ships named of 
1,725,000 gals. of fuel oil or 41,070 bbls. 
during a three-year period. 

It is probable that our national petro- 
leum reserves and refining capacity are 
theoretically sufficient to supply the de- 
fense forces during a possible World 
War III. It is doubtful, however, that 
we have on hand the pipe line, tank car, 
tank truck and seagoing tanker equip- 
ment to deliver the vital petroleum prod- 
ucts in the quantities needed, through- 
out the world. It would, therefore, seem 
important to practice every possible 
economy in the use of petroleum prod- 
ucts. Only by so doing can we assure 
sufficient supply of fuel and lubricants 
when and where needed. 
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Many present day applications of elec- 
tron tubes, particularly in the military 
field, call for a degree of reliability in 
tubes which has not been generally 
available. In view of the many millions 
of tubes made over a period of years 
by a variety of manufacturers, this may 
be somewhat puzzling. However, there 
are well founded reasons for this condi- 
tion which are analyzed here. Also, 
some suggestions are made to both users 
and designers of tubes for obtaining the 
required degree of reliability for the 
job at hand. 


The electronics industry is in a transi- 
tional period which started before the 
beginning of the second world war. 
There is no end in sight of the increas- 
ingly complex demands upon electronic 
circuitry and with greater complexity 
there is required even greater reliability. 


Many of us grew up in what might be 
called the “radio industry.” The highly 
competitive nature of the radio receiver 
phase of this industry was and still is 
reflected in its products. Ingenuity has 
been directed toward designs suitable 
for mass production where, because of 
the quantities involved, profit margins 
have been dependent upon savings of 
pennies per set. 


Absolute perfection, even if attain- 
able, does not constitute most economical 
design for amusement and _ entertain- 
ment service. There is a delicate bal- 
ance between the cost of manufacture 
and the cost of field service. It is con- 
sidered good competitive practice to de- 
sign close to the edge as long as cost 
of field service in dollars and in good- 
will is less than the increased cost of a 
more conservative design. Inconveni- 
ence, rather than failure of a mission or 
loss of life, is the penalty of malfunc- 
tion. Even so, the advent of television, 
with the greatly increased number of 
components in a television receiver and 
therefore the higher statistical proba- 
bility of failure, has dictated general 
tightening of standards. 


The war and the performance require- 
ments of military electronic equipment 
brought to all of us, equipment and 
component manufacturers alike, prob- 
lems of a new order of magnitude. No 
longer is mere inconvenience, or even 
loss of goodwill, the price of failure of 
a tube or other component. The grim 
purpose of war must be served. The 
enemy plane that. is missed because of 
such a failure may be carrying a bomb 
which will bring great destruction to one 
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of our cities. An important mission may 
be aborted because of a seemingly minor 
failure. The lives of our men and vast 
sums invested in military equipment are 
being bet on the dependability of vital 
electronic gear. Nor is such dependence 
upon electronics for life and safety 
limited to military equipment. One can- 
not fly across the mountains or oceans 
or be stacked in the clouds over a busy 
airport without having to rely upon the 
proper functioning of apparatus for 
which we, as electronic engineers, are 
responsible. 


This is a heavy responsibility, and I 
am sure we all want to take adequate 
precautions to insure dependability in 
the design and production of such 
equipment. 


Our most immediate need is greater 
knowledge and better understanding of 
the task at hand. We must discard some 
of the habits and practices which are 
acceptable in a competitive entertain- 
ment economy, but dangerous if carried 
over’ into the design of military, navi- 
gational, or other vital equipment. We 
must thoroughly analyze and evaluate 
the more difficult requirements and come 
up with a well integrated solution. To 
do this, there is a need for dissemina- 
tion of knowledge of the functions to 
be performed by the components that 
go into electronic systems. I believe 
there is much that manufacturers of 
vacuum tubes can do to acquaint users 
of what tubes can and cannot be ex- 
pected to do, and how they might be 
used most effectively for the purpose at 
hand. In order to do this well, a close 
liaison needs to be maintained between 
the equipment designers and the elec- 
tron tube engineers so that a thorough 
understanding of the application as well 
as of the component itself may result. 


Too often an electron tube is con- 
sidered as just a component, and it is 
not fully realized that it is a very com- 
plex system in itself. Practically all of 
the known physical sciences are called 


on in the production of an electron tube, 
and still much reliance must be placed 
upon the art of making and processing 
it. The variables are so great that statis- 
tical analysis, much like that employed 
by the life insurance actuary, is re- 
quired to evaluate the probabilities in- 
volved in the production and application 
of these devices. It is well known that 
both human beings and tubes suffer 
from a small, but significant mortality 
in early life. In both cases if life con- 
tinues past the early critical period, the 
chances of a fairly long life are im- 
proved. Electron tube engineers are 
making steady progress in reducing 
early failures in tubes, just as medical 
science is steadily reducing infant mor- 
tality, but the stage has not yet been 
reached in either case where early mor- 
tality can be ignored. Just as there is 
human mortality by accident, by epi- 
demic and through ultimate old age, so 
are vacuum tubes subject to failure be- 
cause of other defective components, 
because of contamination, because of 
physical weakness and because of old 
age. Furthermore, vacuum tubes can be 
damaged beyond repair by overwork or 
overload just as an engineer, a sales- 
man or an executive in the electronic 
business can be. It is interesting to 
note the great similarity between life 
data accumulated on a relatively large 
population of tubes tested over a period: 
of time compared with an actuarial 
curve on human mortality taken from 
insurance tables. You will see the strik- 
ing similarity that has been noted in 
Figure 1. 


Figure 2 shows the rate of failure 
curves for tubes operated under normal 
life test conditions. I would like to point 
out the fact that the majority of early 
failures are due to mechanical defects. 
The percentage of mechanical failures per 
100 hours reaches a low point early in 
life and does not rise much for the re- 
mainder of life. Failures due to gas and 
air increase slightly during life as do 
failures due to deterioration of perform- 
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(PER 100 HOURS) 


TUBES aT 
Temperature 


MORTALITY-PERCENT 


— 


HUMAN 


3000 4000 
UFE veers 
Fig. |—Mortality curves for humans (1941 tables) and subminiature 
tubes having special attention for reliability. 


ance characteristics. In many cases 
tubes are operated at high ambient tem- 
peratures and it is interesting to see 
how this affects the rates of failure for 
various reasons. Figure 3 shows the 
mortality curve for tubes operated at an 
ambient temperature of 175 degrees 
Centigrade compared with the curve for 
normally operated tubes and the human 
mortality curve. These data were taken 
on subminiature tubes which have re- 
ceived considerable attention for reli- 
able operation. They represent what we 
can expect from such tubes at the pres- 
ent time. 


Figure 4 illustrates the improvement 
in human mortality tables used by the 
life insurance companies. We see that 
there has been a very great improvement 


in early deaths during these 73 years « 


due to advances in medical science. We 
can expect the same kind of results on 
early life of electron tubes if we apply 
concentrated effort to the problem. The 
support given by fundamentally inter- 
ested tube users will necessarily deter- 
mine the time when we obtain signifi- 
cant results. 


Realizing that the best figures so far 
obtainable on the rate of tube failures 
run around two-tenths of one percent 
for 100 hours, and also that this is con- 
siderably better than can be expected for 
the average tube made to meet enter- 
tainment standards, what can be done to 


MORTALITY ~ PERCENT 


LIFE — HOURS 


Fig. 2—Failure rate curves for tubes of Fig. | for normal operation. 
Mechanical defects are chief cause of early failure. 
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Fig. 3—Mortality curve of tubes operated at 175 degrees C. added 
to curves of Fig. I. Failures are considerably increased. 


(PER veaR) 


LIFE -vears 
Fig. 4—Comparison of human mortality curves of 1868 and 1941. 
Great improvements, especially in infant mortality, were made. 


design equipment that will operate with 
the required degree of reliability? The 
first thing we must do is to utilize what 
we already know to the fullest possible 
extent. Tubes for vital applications 
should by no means be procured on the 
basis of price alone. Other stipulations 
relative to quality standards must be 
carefully considered. 
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It must be realized that although cer- 
tain tests can be set up to eliminate 
major defects, real quality must be built 
into a product. This may require quali- 
ty control procedures and operational 
care that cannot be justified in the com- 
petitive production of a tube for enter- 
tainment use. For that reason, one must 
expect to pay higher prices than would 
result on a low competitive bid to sup- 
ply regular stock tubes. This fact has 
not been fully appreciated in connection 
with much of the equipment that is al- 
ready in service. 


Most of you have seen systems made 
up of units supplied by a number of 
different suppliers and perhaps you have 
been amazed by the assortment of tubes 
used. A breakdown of the complement 
of one system employing over 1000 tubes 
used four different rectifier types vary- 
ing only in minor detail where one type 
would have served the purpose. It also 
had within it four or five variations of 
medium mu duo triodes and so on. It 
was obvious that individual suppliers 
had preferences for certain tube types 
and sometimes it seemed that no two 
had the same preferences. Certainly 
limiting equipment design to as few 
types as possible consistent with per- 
formance and choosing those types from 
the Army-Navy Preferred List where 
possible would go a long way in help- 
ing to reduce unnecessary failures. 


Inasmuch as events point to the fact 
that early failures can be eliminated by 
preburning under operating conditions, 
there is an increasing tendency to speci- 
fy that tubes used in vital sockets be 
given a certain period of burning under 
full rated conditions before inspection. 
A 50-hour burning period has been gen- 
erally specified although there is nothing 
sacred about this period. Recommenda- 
tions are being made now that a more 
realistic approach be taken by establish- 
ing a specification calling for the burn- 
ing period to be sufficiently long to 
bring the failure rate down to some pre- 


scribed point, such as, 1 percent per 100 
hours where a period of 20 hours or 100 
hours or even more may be required to 
produce these results. It is my opinion 
that this is a step in the right direction 
and may lead to greater assurances of 
reliable operation. 


As indicated, this testing is primarily 
a precaution to make the best of the 
situation that exists. It must be realized 
that even with the testing, there will be 
certain percentage of tube failures as 
there no doubt will be of other com- 
ponents. Therefore, real consideration 
should be given in design to add addi- 
tional factors of safety, first by con- 
servative use of tubes, and second by 
making allowances, wherever possible 
for easy and quick servicing of vital 
circuit elements. 


In radio receiver design, it is com- 
mon practice to reduce cost wherever 
possible and in doing this there is little 
allowance made for the safety factor in 
the operation of tubes. The maximum 
ratings are too often taken as the recom- 
mended operating conditions and little 
serious difficulty results. An rf or if 
amplifier, for example, is operated at a 
full 250 volts because that voltage is 
available. It may also be operated so 
as to depend only upon the AVC system 
and contact potential bias to keep the 
tube at about the rated current. As a 
result, these tubes may be operating at 
several watts plate dissipation where 
the functions they perform require them 
to amplify microwatts. It is not sur- 
prising then that vital equipment is 
often designed without taking advan- 
tage of the fact that plate and screen 
voltages could be lowered very appre- 
ciably for tubes performing such func- 
tions with very little sacrifice in gain 
and thereby appreciably increase factors 
of safety and extend the life of such 
tubes. Also, a thorough analysis of a 
circuit might show that very high trans- 
conductance values with the correspond- 
ing close element spacing may not be 
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necessary to procure the performance 
needed and that instead of limiting the 
gain by poor transformers, it may be 
more conservative to use a tube having 
lower transconductance, but consider- 
ably wider element spacing, with more 
efficient components. 


I wonder if we would be in as much 
trouble today with 6J6’s used in bridge 
or balance type circuits if electron tube 
engineers. had been diligent in pointing 
out to the circuit designers the inade- 
quacy of this particular design to serve 
the purpose. Many of you still probably 
do not realize the 6J6 has a single 
cathode on either side which is an inde- 
pendent grid and plate. In the conven- 
tional tube design, a slight deflection of 
the cathode from one side of the grid 
brings it closer to the other side of the 
same grid so there is some compensa- 
tion. However, a slight deflection of the 
cathode of the 6J6 produces just the 
opposite effect on one-half of the struc- 
ture to that on the other half so that the 
effect of variations is multiplied by two. 


Now for a minute let us just in order 
to appreciate what might happen in a 
6J6 look at it on a 1000 to 1 scale as 
shown in Figure 5. On this basis, the 
cathode might be considered as a flat- 
tened tube 33 feet long and 2% by 10 
feet in cross section with the walls about 
2 inches thick and supported about 2 
inches from grid structures on top and 
bottom. Furthermore, let us remember 
that this tube would be mounted on its 
structure at room temperature, but un- 
der operating conditions it would be 
heated to a cherry red heat. With due 
allowances, we may now apply the same 
shock and vibration that is applied to a 
tube in the type of applications we are 
considering. If we remember that a 
variation of only one-half inch would 
change the spacing on one side to one 
and one-half inch as against two and 
one-half inches on the other, we can 
readily appreciate the parameters with 
which we are working. Good conserva- 


4 


33 Feet 


Fig. 5—Type 6J6 with dimensions increased 1000 times for easy 
comparison with familiar structures. Slight deflection of cathode pro- 
duces large unbal: of characteristics of the two triode sections. 


tive design, to my way of thinking, 
would employ either separate triodes or 
a duo triode of double barrel construc- 
tion with separate cathodes so that indi- 
vidual cathode resistors could be used 
and thereby operate in a direction to 
compensate for variations rather than 
to magnify them. 


Time does not allow the citing of 
many examples that could be brought 
up which would make for a greater fac- 
tor of safety in the utilization of elec- 
tron tubes. I would like, however, to 
make this point which was brought out 
by a man not active in the tube field. 
He asked the question. “Why do you 
speak of reliable tubes? You seldom 
hear of a reliable beam or strut nor do 
you differentiate bridges by speaking of 
them as reliable or non-reliable bridges. 
Do not electronic engineers design fac- 
tors of safety in their circuits just as 
a bridge or a building engineer would 
in his design?” 


What I have tried to do is to make 
a plea that we make the best use of the 
facilities at hand while striving to make 
still greater improvements to meet the 
ever-increasing requirements placed on 
electronic devices. Much work is now 
in process to improve electron tube re- 
liability both by the application of sound 
quality control techniques as, for ex- 
ample, in the ARINC approach and 
through the improvements of designs 
incorporated in special ruggedized and 
subminiature tubes. 


In the development of the subminiature 
series of tubes, considerable long term 
thinking was applied to holding designs 
to a minimum number of basic types and 
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to concentrate effort upon being able to 
reproduce them and to simplify over- 
all processing and quality control by 
avoiding multiple setups that would be 
necessary to keep in production a wider 
variety of tubes differing only slightly 
in characteristics. I shall not dwell upon 
each specific type, but do want to em- 
phasize the point that even though in 
some cases it may be necessary to de- 
sign more conservatively, a goal of high 
dependability can readily be 
reached if we can avoid letting these 
few basic types be multiplied into a lot 
of types that can be justified only be- 
cause their introduction might eventu- 
ally take a few cents of cost out of the 
circuit. It is believed that better per- 
formance will be achieved as a result 
of production studies that are now being 
made on more uniform production runs. 
Much emphasis is being placed upon 
the application of sound quality control 
techniques in their manufacture. 


A further look at subminiature tubes 
will disclose that they have been de- 
signed primarily for low voltage opera- 
tion. Some of them were designed for 
26 volts on plate and screen and others 
for 100 volts. Again may I point out 
where tubes are used for amplifying low 
level signals, it is not essential that 
their plate voltage supplies should be 
high. When using lower voltages, there 
is not only advantage gained in improv- 
ing the tube reliability, but there is also 
allowed room for additional factors of 
safety on other circuit components. I 
hope these factors of safety will be util- 
ized as such and not be used as justifi- 
cation for taking chances on appreciably 
lowered condenser and other compo- 
nents ratings. 


There is a third step to any progres- 
sive program and that is the one not 
yet achieved. After eliminating tubes 
that were not designed to meet the high 
requirements for dependability now dic- 
tated and after thoroughly evaluating 
improved tubes and utilizing them as 


effectively as possible through design 
considerations and optimum operational 
conditions, we realize we are still short 
of the desired goal. This is particularly 
true when it is evident that require- 
ments will become increasingly difficult. 
Because of this, considerable thought 
has been given to a more ideal approach 
which has not yet been achieved, but 
which can result only after thoroughly 
analyzing and evaluating the good and 
bad factors of existing techniques and 
eliminating the bad while improving 
upon the good. We know, for example 
that the conventional grid structures 
with side rods supported in mica 
spacers are not ideal. Furthermore, 
there are limitations to tolerances that 
can be maintained in present tube de- 
signs and too much dependence is placed 
upon the human element in the assem- 
bly and welding of the present struc- 
tures. Attention is therefore being 
turned to a structure incorporating some 
of the strong points of types like the 
2C36 and 2C37 which have peripherally 
supported grids and other elements with 
suitable spacers all forming a part of 
one rugged structure. Design attention 
is being given to the improvement of 
uniformity by ¢éliminating much of the 
hand labor and using an increasing 
number of machine operations. It would 
be well in the development of such a 
new approach. if circuit engineers 
would give serious thought to designs 
which would allow for a very minimum 
number of simple basic tube types so 
that machinery could be set up to turn 
out tubes with great uniformity. This 
can be done only if large runs can be 
made of a few types rather than a multi- 
plicity of setups to take care of varia- 
tions. 


This is much different from the ap- 
proach made by the Germans when they 
manufactured just a few tube types for 
many uses. They used a complex tube 
of many electrodes and connected the 
electrodes together for simple circuit 
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design. While they did achieve stand- 
ardization, they were still plagued by 
many troubles inherent in the use of 
complex tubes. By using simple tubes 
many of the difficulties can be elimi- 
nated. 


I would suggest, for example, that real 
ingenuity be directed toward finding 
how universally a well designed 
grounded grid type triode could be ap- 
plied to radio amplification, audio am- 
plification, mixing, oscillators, diode 
and triode detectors and the like. It 
will be well worth the effort spent if 
a tube that is highly rugged and repro- 
ducible as well as flexible in applica- 
tion results. 


There is another promising develop- 
ment on the horizon which may contri- 
bute substantially toward improvement 
of reliability though it is still a little 
early to talk much about it. This is the 
application of semi-conductors to rectifi- 
cation, detection and amplification. With 
the development of the junction type 
germanium triode there is justification 
for increased optimism. The full possi- 
bilities of such applications can be real- 
ized, however, only through the willing- 
ness to develop circuit techniques which 
will humor these new tools. As a mat- 
ter of fact, I suspect that in our efforts 
to utilize solid state devices most effec- 
tively, we may awaken to the fact thaf 
there are also many things that can be 
done with a good grounded type triode 
that we have never seriously investi- 
gated before because of the availability 
of multielement tubes that still have 
their excellent points but which, never- 
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theless, may not contribute to circuit 
reliability. 


It will bear repeating that lack of 
reliability in electron tubes is both a 
cause and an effect of poor system 
reliability. A better knowledge of the al- 
most human vagaries of a given popu- 
lation of tubes, the probabilities of fail- 
ure and the need for factors of safety 
in design will all pay good dividends 
in equipment reliability. We must all 
make a concerted effort to make the best 
possible selection and the best use of 
available tubes while striving to sim- 
plify and improve tube designs and to 
use such new tubes with due allowance 
for safety factor. 


The panel on electron tubes of the 
Research and Development Board has 
gotten under way a project of consider- 
able magnitude to investigate the many 
factors involved in reliability of elec- 
tronic systems and to determine the 
most effective action to be taken. We 
hope that in the not too distant future 
we will not be talking of reliable elec- 
tronic equipment and components. Such 
reliability will be taken for granted as 
it is in steel beams and similar things. 


While this is being done, our efforts 
should be redoubled to design tubes 
which will eliminate known weaknesses. 
This can be done most effectively 
through close cooperation with set de- 
signers whose ingenuity is employed to 
work out designs requiring the mini- 
mum number of basic elements and 
here again I suggest real consideration 
be given to the wider application of 
grounded grid type triodes. 
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STRESSES IN PROPELLERS AND 
PROPELLER SHAFTING 


aeronautical field. 


ACKNOWLEDGMENT 


This is a special staff article from “The Marine Engineer and Naval Architect” 
for January 1952. It outlines the propeller and propeller shaft problem and dis- 
cusses the need for full-scale investigations similar to those conducted in the 


The value of electronic methods in 
engineering research is now well-estab- 
lished and they have proved to be of 
immense value, provided there is proper 
appreciation of their limitations and 
possible sources of error. Without this 
appreciation it is possible to obtain 
quite spurious results or, which is 
worse, half truths more dangerous than 
total errors. The time may come when 
electronic equipment is available for use 
by the inexpert but until then, except 
in the simplest cases, the handling of 
experimental programs involving the 
use of such equipment is best left to the 
specialist. This need for specialist super- 
vision no doubt accounts for the me- 
chanical engineer’s preference for me- 
chanical methods of measurement where 
these can be applied and, in the present 
state of the art, this preference must be 
respected. In many applications, how- 
ever, electronic methods represent the 
only practical means for resolving im- 
mediate troubles and at the same time 
affording an insight into fundamental 
causes whereby design trends can be 
directed along more profitable channels. 
Probably the most spectacular rewards 
from the use of such equipment have 
been reaped by the aircraft industry 


where, for example, rapid progress in 
the design and construction of high- 
performance machines over the last fif- 
teen years has been due in no small 
measure to the foresight and enterprise 
of the industry in pioneering the de- 
velopment and practical application of 
electrically sensitive resistance wire 
strain gauges and their accessories. 


An American automobile engineer 
once declared that by the time a labora- 
tory investigator had provided for all 
the conditions that occur in service he 
would find himself on the road with a 
complete motor car! Since not least 
of the special advantages of electronic 
methods is their adaptability for obtain- 
ing measurements from the individual 
parts of a machine while it is operating 
in service it is not surprising that these 
methods have become popular in almost 
every department of engineering de- 
velopment. The relevant literature con- 
tains examples of the use of resistance 
wire strain gauges in marine engineer- 
ing and naval architecture, ranging 
from the investigation of hull reactions 
during launching to the determination 
of static and dynamic stresses in struc- 
tural components such as rudder stocks, 
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boiler drums, intermediate shafting, and 
connecting rod bolts. 


Among notable and authoritative con- 
tributions in this field are the papers 
presented in recent years by Dr. Dorey, 
Chief Engineer ‘Surveyor to Lloyd’s 
Register of Shipping. His most recent 
paper,* on the subject of stresses in 
propeller and propeller shafting is there- 
fore worthy of more careful considera- 
tion than we were able to give it in 
the editorial comment in the July issue. 
As Dr. Dorey himself remarks, the con- 
tinual failures and renewals of tailshafts 
in Liberty and similar war-built steam- 
ships accentuated by incidents such as 
that of the Castledore, which recently 
led to the loss of the ship and the near- 
loss of her crew when in ballast condi- 
tion, inevitably focus attention upon the 
need for improved knowledge of the 
stress conditions which arise in service. 
The serious nature of the problem, 
which is not confined to American-built 
tonnage, is indicated by the statistics 
quoted by Dr. Dorey from an analysis 
of data at April 1951 on tailshaft re- 
newals in war-built tonnage now classed 
with Lloyd’s Register. Of the 653 shafts 
considered in Dr. Dorey’s review the 


renewals from all causes, including at 
owner’s instructions, numbered no less 
than 288 or 44 percent, and the average 
life of the individual shafts was just 
over 4.5 years. 


Authorities on both sides of the At- 
lantic have given a great deal of thought 
to this problem and we ourselves have 
referred to it at some length on several 
occasions. Some very sensible opinions 
have been expressed and certain prac- 
tical suggestions for improving the 
situation have been put forward, but 
until now there appears to have been 
no definite proposal for the initiation of 
an experimental program aimed at un- 
covering the very roots of the problem. 
It is therefore to the credit of Dr. Dorey 
and his co-workers at Lloyd’s Register 
that they have not only come forward 
with a proposal to attack the problem 
of determining the stress conditions in 
the propeller/tailshaft assembly under 
service conditions at sea by means of 
resistance wire strain gauges, but they 
have proved the practicability of the 
project by carrying out some explora- 
tory tests in which the stresses in the 
propeller blades of a 32-ft. cabin cruiser 
were successfully recorded. 


AIRCRAFT PARALLEL 


In this connection the aircraft indus- 
try was confronted by a similar problem 
when, during the late 1930’s, there was 
a general trend towards metal-bladed 
airscrews for high performance aircraft. 
With the general use of metal blades, 
airscrew blade failures began to occur 
in rather serious numbers even in ap- 
plications where the screw was operat- 
ing at quite nominal steady stressing 
conditions. The problem was immedi- 
‘ately attacked by initiating (1), a com- 
prehensive ptogram of research on 


methods of recording blade stresses in 
service which culminated in the develop- 
ment of the electrically-sensitive resist- 
ance wire strain gauge as we: know it 
today; (2) a complete revision of the 
theory underlying vibration of an air- 
screw/shaft assembly; (3) a compre- 
hensive program of fatigue testing of 
full-scale components to investigate ma- 
terial properties and methods of improv- 
ing fatigue strength by design modifica- 
tions and surface treatments. This work 
soon paid handsome dividends for not 


* “Stresses in Propellers and Propeller Shafting under Service Conditions,” by S. F. Dorey, 
C.B.E., D.Sc., F.R.S.; read before the International Conference of Naval Architects and Marine 


Engineers, Newcastle, June 5, 1951. 
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only was the succession of failures com- 
pletely arrested, but airscrew strength, 
reliability and performance were greatly 
increased, with an appreciable reduction 
of specific weight. 


We do not suggest that all the experi- 
ence and findings from airscrew re- 


search are directly applicable to the 
marine problem but we do consider 
that some measure of cooperation be- 
tween the two industries could hardly 
fail to be beneficial in directing experi- 
mental work in the marine field, along 
channels most likely to yield speedy 
profitable results. 


PROPELLER TAILSHAFT CASUALTIES 


Dr. Dorey refers to the need for fur- 
ther light on such vital problems as the 
stresses induced in propeller blades by 
torsional and axial vibration; he also 
mentions the influence of aperture fair- 
ing and blade clearances upon propeller 
and propeller shaft vibration, including 
whirling and “singing” phenomena ; and 
the stresses induced in propeller blades 
and propeller shafts under conditions of 
partial screw immersion and when rac- 
ing are also discussed in his Newcastle 
paper. Overshadowing all, however, 
there is the urgent problem of the high 
incidence of propeller tailshaft failures 
and it is therefore rather surprising to 
learn from Dr. Dorey’s paper that, be- 
cause the majority of tailshaft failures 
occur in single-screw ships with bal- 
anced type rudders, it may be necessary 
to await the public-spirited cooperation 
of an owner, or organization, willing to 
afford facilities for experiments using 
a hollow-bored tailshaft with slip rings 
at the inboard end. The provision of a 
hollow tailshaft for work of such great 
potential value would seem to be a small 
matter and one should surely be forth- 
coming from the industry when it is 
required. 


In the meantime a considerable liter- 
ature on the subject of tailshaft casual- 
ties has accumulated and in a well- 
presented summary of the present situa- 
tion Dr. Dorey concludes that while 
there is sufficient evidence to show that 
adequate ballasting for the avoidance of 
racing and its attendant vibratory evils 
is an important factor in prolonging the 


life of a tailshaft, there seems little 
doubt that other influences also enter 
into the equation both as regards design, 
material, machining and fit of the pro- 
peller assembly. Of these he considers 
the following worthy of special atten- 
tion. 


Badly fitted propellers and keys and 
inadequate fillet radii at the roots of 
the shaft keyway—the fillet radius 
should preferably be not less than 
\% in. for a 15-in. shaft: key-retaining 
bolt and the end of the key itself too 
near the top end of the cone—the end 
of the key might with advantage be 
stopped 2 to 3 in. further aft; leaky 
rubber rings at the large end of the 
cone—the fitting of an extra seal of 
the external-gland-type, additional to 
the normal arrangement, would be a 
cheap insurance against careless work- 
manship ; leakage along the shaft from 
the small end of the cone—recent 
American experience suggests the 
need for sealing the annular space 
between the propeller boss and the 
shaft threads, as well as the clearance 
between the top of the key and the 
bottom of the propeller keyway, with 
a suitable compound before tighten- 
ing the propeller nut; forging ratio 
of the shaft—although recent tests 
have not confirmed the suggestion 
that a reduction of forging ratio from 
5 to 1 to 3 to 1 might have adversely 
affected the notched-bar impact re- 
sistance of the shafts it is known that 
all the major forges in this country 
prefer to adhere to the older prac- 
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tice of a 5 to 1 ratio for this class 
of shaft, and it would therefore seem 
prudent for owners of these types of 
vessel to specify the 5 to 1 ratio when 
ordering replacement shafts. 


In addition to these important aspects 
of screwshaft casualties, Dr. Dorey de- 
scribes a number of problems encoun- 
tered in the course of work at Lloyd’s 
Register where torsional or bending 
stresses were the predominant influ- 
ences. Direct stresses in the longitu- 
dinal direction are not considered be- 
cause trouble from this cause is only 
likely to arise in merchant ships where 
the thrust foundation is unusually elastic 


and where the revolutions per minute 
are fairly high, as in passenger service. 
Moreover, experience has indicated that 
the magnitude of longitudinal vibration 
stresses in propeller shafting is rela- 
tively unimportant, the most objection- 
able features of such vibrations being 
the possibilities of trouble from wear in 
reduction gears, turbine flexible cou- 
plings, and stern glands and bearings; 
loosening of thrust block seat connec- 
tions can also occur. Another possi- 
bility, not mentioned by the author of 
the paper in question, is that of appre- 
ciable supplementary stresses in the pro- 
peller blades. 


TORSIONAL STRESS PROBLEMS 


With regard to torsional stresses sev- 
eral examples are given showing the 
paramount importance of design-stage 
calculations of torsional vibration char- 
acteristics as the best form of insurance 
against trouble from this cause, and, as 
Dr. Dorey points out, this policy of 
enlightened self-interest has been re- 
peatedly and insistently advocated by 
Lloyd’s Register, where the necessary 
rule requirements have been laid down 
since January 1944. The examples have 
been well-chosen to illustrate the need 
for taking into account all possible oper- 
ating conditions. Thus in cases where 
service conditions demand frequent 
maneuvering and operation at reduced 
speeds, e.g., tugs, trawlers, coasters, and 
river vessels operating in areas of fast 
currents and canal locks, it is important 
to avoid high transient stresses over 
the whole speed range from idling to 
full rpm. All major criticals should be 
placed well above service speed or, if 
this is impracticable, the speed range 
above about 80 percent of service revo- 
lutions should be maintained clear of 
important criticals, with properly marked 
barred speed ranges where required 
elsewhere. 


The examples also indicate the dan- 
gers of making changes in shaft dimen- 


sions without first investigating the 
effect of such changes on torsional vi- 
bration characteristics, preferably with 
the aid of torsiograph measurements 
from the original installation. In many 
cases the effect of attempting to 
strengthen a shaft by an arbitrary in- 
crease of dimensions may only result 
in weakening it. 

Referring again to screwshaft casual- 
ties it is emphasized in the paper that 
our knowledge of the effects of heavy 
weather on the torque loading of pro- 
peller shafting needs further extension 
if casualty rates are to be minimized. 
Measurements already made suggest 
that in motorship installations with the 
engines racing freely, and even when 
shut in on account of heavy weather, 
the measured torque variations may be 
sufficiently great to cause torque re- 
versal. In reciprocating steam engines 
the much lower inertia of the engines 
coupled with the reserve of steam in 
the hp. receiver after cut-off, inevitably 
leads to considerably higher speed 
surges when pitching in a seaway. In- 
stantaneous speeds up to double the 
normal service rpm have been meas- 
ured in typical installations not fitted 
with governors, and even when well 


_linked-in and with efficient governing 
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speed rises up to 50 percent are easily 
possible. 


The most dangerous effect of exces- 
sive speed variations brought about by 
loss of hydrodynamic load on the pro- 
peller is the possibility of running into 
resonance with third or second order 
major critical speeds without the pro- 
tection of propeller damping. These two 
orders are particularly objectionable be- 
cause they are mainly inertia-excited 
and their magnitudes therefore increase 
with the square of the rpm. 


In steam turbine installations, when 
pitching, the amount of the propeller 
torque variation which is applied to the 
propeller shaft may be _ particularly 
severe. In fact, Dr. Dorey reproduces 
calculations which show that practically 
the whole of the torque variation due to 
pitching is applied to the propeller shaft 
in the case of turbine installations, com- 
pared with only about 25 percent with 
steam reciprocating machinery. The 
explanation lies in the fact that with 
turbines the propeller inertia, referred 
to propeller shaft speed, is small in 
relation to the inertia of the turbines 
and gears, whereas it is large compared 
with the inertia of a_ reciprocating 
steam engine and in the latter case the 
propeller acts as an inertia shield. The 
practical significance of these findings 
is perhaps reflected by the fact that in 
the statistics of screwshaft casualties 
quoted by Dr. Dorey, the geared-turbine 
Victory class has the worst record in 
terms of percentage of tailshaft re- 
newals, namely 63.3 percent compared 
with an average of 42.5 percent for 


the wartime vessels with reciprocating 
steam engines. Incidentally, it is of 
interest to note that analysis of the Vic- 
tory class record shows a renewal rate 
of 75 percent for those ships carrying 
428 tons of ballast in the tunnel tanks, 
compared with a renewal rate of about 
60 percent for those having 1,684 tons 
of tunnel ballast. 


To complete the series of examples 
on torsional vibration there is a descrip- 
tion in the Newcastle paper of the fail- 
ure of the propeller of a small oil- 
engined coaster which shed a propeller 
blade on three separate occasions. Sub- 
sequent calculations showed that the 
service speed coincided with a major 
one-node torsional critical speed. Al- 
though the shaft stress at resonance did 
not greatly exceed the acceptable limits, 
the vibratory amplitude at the propeller 
was abnormally large in relation to that 
at the engine, since the engine was fitted 
with an unusually heavy flywheel. As 
a consequence heavy vibratory inertia 
torques were set up at the blade roots 
and the resulting corrosion-fatigue 
conditions were sufficient to cause rapid 
failure. This example illustrates the 
wisdom of reducing vibratory torques 
to a minimum, even where shaft stresses 
may be moderate, since the resulting 
inertia torques applied to keyed connec- 
tions and propeller assemblies may lead 
to loosening or even more serious con- 
sequences. Other examples of this effect 
have been found in the fastenings of the 
laminated core plates in generator arma- 
tures where the torsional vibration stress 
in the relatively stiff armature shaft 
itself has been quite low. 


BENDING STRESS PROBLEMS 


The evaluation and measurement of 
bending stresses are both inherently 
more difficult problems than in the case 
of torsional stresses, and it is in this 
field that the limitations of mechanical 
methods of measurement are most pro- 
nounced and the advantages of elec- 


tronic methods most marked. The bend- 
ing stresses arising in propeller shaft- 
ing are, broadly speaking, derived from 
two causes, namely, changes in bearing 
alignment and stresses caused by hydro- 
dynamic and inertia forces acting upon 
the propeller. 
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Dr. Dorey considers it is probably 
true that the problem of bearing align- 
ment relates more to bearing perform- 
ance than to shaft stress. Thus it is a 
common experience to find that under 
ballast conditions certain bearings in 
the shaft tunnel will tend to run hotter 
than others, while under loaded condi- 
tions the temperature distribution may 
be completely different. In some ships 
this variation has been so extreme that 
it has been necessary to alter the level 
of the aftermost plummer block when 
changing from loaded to ballast condi- 
tion, and vice versa. A description is 


given of an ingenious and easily ma- 
nipulated strain gauge, developed by the 
engineering research department of 
Lloyd’s Register, to facilitate the initial 
adjustment and maintenance of bearing 
alignment. This gauge is of simple con- 
struction, high sensitivity, and provides 
a direct measure of cyclical bending 
strains in the shafting from which the 
misalignment of the various bearings 
in both the horizontal and vertical planes 
can be derived. It can be applied at any 
position along the shafting, is held in 
position magnetically, and its use does 
not require the “breaking” of the cou- 
plings. 


VIBRATION OF THE PROPELLER/TAILSHAFT ASSEMBLY 


The problem of determining the re- 
sponse of a propeller /tailshaft assembly 
to disturbances originated by propeller 
action both under normal service condi- 
tions and under the severest weather 
conditions likely to be encountered is 
probably one of the most complicated 
and difficult tasks in this field of study. 
This is because of the large number of 
possibilities of resonance. Although 
many of these possibilities have little 
practical significance there is a feeling 
in some quarters that modern design 
trends with regard to after body shapes, 
aperture characteristics and rudder ar- 
rangements have considerably multiplied 
the number of practical possibilities. 


The only way of resolving the prob- 
lem is to determine which of the many 
possibilities are important by a compre- 
hensive series of full-scale strain gauge 
tests under every type of service condi- 
tion. It would appear that there is now 
available sufficient experience on the 
necessary instrumentation and test pro- 
cedures to enable this work to be ini- 
tiated. As we have already mentioned, 
tests of this type were introduced in the 


aircraft industry many years ago and 
are now a standard part of research and 
development programs. A considerable 
amount of knowledge has accumulated, 
much of which might be of value in 
reducing the cost and time required 
for a parallel marine investigation. 


We have prepared the accompanying 
diagrams from information provided by 
research on airscrews, since they serve 
to illustrate the great complexity of the 
propeller/shaft problem and will doubt- 
less be of general interest. Fig. 1 shows 
one of the possible families of pro- 
peller blade vibrations, namely, vibra- 
tion of a flat elliptical plate fixed at one 
end of the major axis. Broadly speak- 
ing there are two main possibilities, 
vibration in a flatwise or flapping direc- 
tion with various numbers of nodal 
lines running across the blade (0/0, 
0/1, 0/2, etc.), and vibration in a tor- 
sional sense with various numbers of 
nodal lines running along the blade 
(1/0, 2/0, 3/0, etc.). Each individual 
mode can be classified as an m/n mode, 
where m is the number of torsional 
nodal lines and n the number of flexural 
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Fig. 1. Left: showing possible variations of propeller blade vibrations. Right: possibilities 
of combined flexural and torsional modes 


nodal lines. The diagram shows that in 
addition to the simple torsional or 
flexural modes there are possibilities of 
combined torsional and flexural modes 
(1/1, 1/2, 1/3 
eee 3/1, 3/2, 3/3, etc.). Nor is this 
the whole story, for where the frequency 
of one of these modes happens to be 
near that of another there is the possi- 
bility of cross-coupling, which results 
in a further multiplication of the possi- 


bilities of resonance. Furthermore, the 
diagram refers only to a simple labora- 
tory experiment where the propeller 
blade has been idealized as a flat plate 
of uniform thickness. In the practical 
case the matter is much more compli- 
cated due to such effects as variation 
of thickness, curvature of sections, and 
the influences of gyroscopic actions, 
rotational speed, entrained water, and 
pitch setting. 


REACTIONLESS MODE NODDING MODE TORSIONAL OR AXI MODE 
24 Order Disturbance 3° Order Disturbance 4¢ order Disturbance 


Hub Forces Balanced 
Hub Moments Balanced 


No Reaction at Hub 


Hub Forces Unbalanced 
Hub Moments Balanced 
Nodding & Whirling of Hub 


Hub Forces Balanced 
Hub Moments Unbalanced 
Torsional & Axial Motions of Hub 


Fig. 2. The three types of edgewise vibration mentioned in the text 
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EDGEWISE VIBRATIONS 


It must also be borne in mind that, 
in the practical case, edgewise as well 
as flatwise vibrations are possible, and 
that these are invariably closely coupled, 
while in addition to the fixed hub modes 
shown in Fig. 2 there is the possibility 
of rocking hub modes in which the root 
of each blade is not a nodal point. How- 
ever, the main purpose of Fig. 1 is to 
show that even in an elementary case 
there are many possibilities of reso- 
nance, any one of which is liable to be- 
come a source of trouble given an ap- 
propriate excitation. The principal ex- 
citations are the various harmonic 
torque impulses originated by the en- 
gine; the different harmonics of the 
disturbed flow through the propeller 
disc originated by obstructions to the 
flow, variations of propeller immersion 
in heavy weather, the passage of blade 
tips close to the surrounding structure, 
and so on; and first order excitations 
originated by propeller mass or pitch 
unbalance, or by an oblique flow of 
water to the propeller disc (yaw excita- 
tion). Propeller pitch unbalance is a 
more potent cause of first-order vibra- 
tion than propeller mass unbalance be- 
cause a comparatively small change of 
geometrical pitch may cause a large 


change of the effective angle of attack. 
Yaw excitation may be present, for ex- 
ample, in multi-screw installations where 
the propeller shafts are inclined to the 
true longitudinal axis. 


These various excitations produce, in 
general, three types of response in a 
propeller /tailshaft assembly, depending 
upon the number of propeller blades and 
the particular exciting harmonic under 
consideration. These three types of re- 
sponse are classified as torsional (or 
axial), nodding, and reactionless. 


Fig. 2 shows this in a simple way. 
The torsional (or axial) mode causes 
flexural vibration of the propeller blades 
and torsional or axial vibration of the 
hub and shaft. The harmonic order 
numbers which excite this mode are 
the integer multiples of the number of 
propeller blades, i.e., K.n., where K is 
any integer and n is the number of 
blades. There are no impulses on the 
static parts (shaft bearings and the 
structure surrounding the propeller) ex- 
cept in the case of a thrust bearing 
which would experience axial impulses 
at the excitation frequency K.n.N., 
where N is the shaft rpm. The frequen- 
cies of the stress cycles in the rotating 


Mode Excitation Order Number 
| 

Torsional _- — 3 —- — 6 —- — 9 — 12 

Three Nodding 1 2— 4 5 — 7 8 — 10 11 — 

Four Nodding 1 — 3 — 5 — 7 — 9 — ll — 

Five Nodding 1 —- — 4 — 6 —- — 9 — 11. — 
Reactionless 2 3 — 7 — — — 12 
TABLE SUMMARIZING THE VARIOUS POSSIBILITIES OF EDGEWISE VIBRATION FOR 


THREE-, Four-, AND FivE-BLADED PROPELLERS. 
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parts (propeller blades and the indi- 
vidual fibers of the shaft) are also 
K.n.N. 


The nodding mode causes flexural 
vibration of the blades and shaft and 
may also produce nodding or whirling 
motions of the hub on its overhung 
shaft. The harmonic order numbers 
which excite this mode are the integer 
multiples of the number of blades plus 
and minus one, i.e, (K.n+1). The fre- 
quencies of the stress cycles or impulses 
in the static parts are (Kn+1)N, 
while those in the rotating parts depend 
upon the characteristics of any nodding 
or whirling motions which may be im- 
parted to the hub. 


In general, a propeller with n blades 
passing m fixed obstructions, or sub- 
jected to m pressure variations during 
each rotation, may experience nodding 
or whirling motions of the hub at nod- 
ding or whirling frequencies (n.m.N.), 
provided m is one of the orders 
(K.n.£1) capable of exciting a nod- 
ding mode. Thus, in addition to stress 
cycle frequencies of (n.m.N) the ro- 
tating parts may experience stress 
cycle frequencies of (n.m—1)N and 
(n.m.+1)N depending upon whether 
a direct or a reverse circular whirl is 
initiated. As a general rule, however, 
due to lack of symmetry in the stiffness 
or inertia of a propeller/shaft assembly 
the whirl is elliptical; and since an 
elliptical whirl can be regarded as com- 
posed of a direct and a reverse circular 
motion, there is the possibility of the 


rotating parts being subjected to stress 
cycle frequencies (n.m. + 1)N. 

The reactionless mode produces no 
reaction at the hub and therefore no 
impulses in the static parts. The har- 
monic order numbers which excite this 
mode are those integer multiples which 
remain after account has been taken of 
the torsional and nodding modes. This 
implies that there are no reactionless 
modes in propellers having less than 
three blades. The frequencies of the 
stress cycles in the blades are the order 
numbers of the reactionless modes multi- 
plied by shaft rpm. This mode of vibra- 
tion presented a rather troublesome 
problem during the early development 
of four-bladed metal airscrews, since 
the absence of any reaction at the hub 
results in damping being confined to 
the blades themselves and this tends to 
produce increased vibratory amplitudes 
and stresses in the blades in this mode. 


The above table summarizes the vari- 
ous possibilities for propellers having 
three, four, and five blades. 


The foregoing brief discussion indi- 
cates the rather formidable nature of the 
propeller/shaft problem, at least in 
theory, and suggests that further prog- 
ress towards enlightenment must await 
a full-scale investigation of the type 
which is now a routine experimental 
procedure in the aeronautical field. It 
may well be that the time has come 
when the need for this enlightenment 
justifies an effort at least comparable 
with that which has been expended upon 
the shaft torsional vibration problem. 
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Industrial oil burning, as it is known 
today, with single burners consuming 
up to 10,000 pounds of oil an hour, is a 
relatively new art. The ancients used 
mineral oil and its residues for their 
wick lamps, and for making fire-arrows 
and fireballs in warfare, but when the 
latter became obsolete, as the introduc- 
tion of gunpowder increased the range 
of engagement, oil became primarily a 
lighting or lamp fuel, which condition 
prevailed up to the industrial revolution. 
Rapid expansion in industrial machinery 
required quantities of lubricating oil and 
the lighter distillates; hence, it was 
natural that the development and proc- 
essing of petroleum should be toward 
this end. The heavier residues were a 
waste for which industrial oil burning 
offered an outlet if satisfactory burners 
could be devised. 


The first practical solution was found 
in preparing the fuel for burning by 
pulverization with saturated steam. Al- 
though heavy fuels were used, this 
method of oil pulverization, or atomiza- 
tion, as it is commonly called, was from 
the first successful, and led in Russia to 
a widespread use of oil for merchant 
and naval vessels and locomotives. The 
use of steam as a pulverizing agent has 
not only a physical pre-heating and 
atomizing action, but a chemical soot- 
preventing one by virtue of its “water 
gas reaction,” a factor which was, 
undoubtedly, responsible for a good 
measure of its success. The primitive 
forerunner of the steam atomizing oil 
burner was the Russian domestic house 
heating stove [1],* which consisted of 
a flat dish placed at the bottom of a 
stove, and supplied by a gravity oil feed. 


* Numbers in brackets designate the references in the bibliography at the end of the paper. 
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The oil was heated and evaporated by 
radiation from a refractory honeycomb 
placed above the flame. It is likely that 
combustion was poor when oil was 
burned alone, so water, probably per- 
chance, was fed to the dish which threw 
up oil drops, as it spontaneously evapo- 
rated, and gave a less smoky flame. 
Successful experience with this crude 
forerunner of steam atomization was 
responsible in Russia for directing prac- 
tically all future experiments for indus- 
trial oil burning purposes along the 
lines of steam atomization. 


It is only natural that the first devel- 
opment of industrial oil burners should 
be toward their use on mobile power 
plants, such as required for ships or 
locomotives, in view of the storage and 
handling ease of oil as compared to coal. 
To this end the Russian stage was well 
set due to abundant petroleum resources, 
particularly in the region of the Caspian 
Sea, and by 1874 practically all mer- 
chant and naval vessels of the Volga 
River and Caspian Sea fleets were using 
oil for fuel. Steam atomizers were used 
exclusively, and fresh water consump- 


Schematic ARRANGEMENT OF EARLY RussiAN 
STEAM ATomMIZERS,!870-1900, 


tion, which greatly hampered steam oil 
atomization adoption in most maritime 
nations, was no problem since the low 
pressure (50-60 p.s.i. gage) boilers were 
fed with salt water—the salt content 
being limited by blowing. It must be 
remembered that at this early date all 
boilers were of low pressure, had low 
heat release rates, and water condition- 
ing was obtained solely by surface and 
bottom blowdown. 


Figure la* shows schematically one 
of the first successful nozzle type steam 
atomizers used for marine service. Oil 
was admitted by a central tube which 
was surrounded by a steam chamber. 
The atomizing agent, steam velocity, is 
in contact with oil on the inside and on 
the outside with air on which it has an 
aspirating effect, thereby drawing air 
into the combustion chamber. This 
atomizer gave a flame shape which 
avoided flame impingement on the boiler 
surfaces of small marine boilers, for 
which it was widely used. Another type 
of atomizer that made its appearance at 
the same time is shown in Figure 1b, 
and consists of two adjacent slots, one 


* Schematic sketches will be extensively used throughout for illustration purposes. The method of 
embodying the scheme in a practical construction is a matter of design detail. 
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for oil and one for steam. These open- 
ings can be made of various shapes, and 
orientation as required to give a flame 
shape suitable for the furnace. Adjust- 
ing the steam requirements for various 
rates with this type atomizer by a valve 
in the steam line is not usually satis- 
factory, since available steam velocity at 
the tip will drop with decreasing rates 
resulting in inferior atomization. Regu- 
lating the steam by changing the flow 
area of the exit orifice (by needle valves 
or the like, such as shown in Figure 4), 
in order to maintain full steam velocity 
at the tip at all rates for satisfactory 
atomization is theoretically superior to 
control by a valve in the steam line, but 
may give trouble in practice, due to 
seizure or carbonizing of the movable 
parts where exposed to the radiant heat 
of the flame. 


Accompanying the development of 
marine steam oil atomizers were those 
for locomotives. First attempts soon 
disclosed that the atomizer could not 
merely be placed on the grates inside 
the firebox due to over-exposure to 
radiation which resulted in carbonizing 
(forming oil coke) both in the inside 
and outside of the atomizer nozzle with 
accompanying detrimental effect on the 
quality and spray angle of the atomized 
oil. This mistake led to the develop- 
ment of an atomizer of the type shown 
in Figure lc, which was placed outside 
of the firebox. Provision was made for 
moving the steam nozzle axially within 
the oil nozzle for oil capacity control, 
while steam quantity control was by 
valve in the steam line. This atomizer 
differs somewhat from that of Figure la, 
in that the steam nozzle is located at the 
center with oil surrounding it, and that 
some degree of oil pulverization takes 
place within the venturi throat nozzle, 
thereby giving a limited degree of pre- 
mix. This, and many of these early 
burners, used steam injection for sup- 
plying the combustion air supply, either 
for the total air supply, or when such 
made steam consumption prohibitive, as 


a primary air supply medium with sec- 
ondary air by natural draft. This com- 
bined process of oil atomization and 
air injection promotes good mixing of 
air and oil. Atomizers of the type shown 
in Figure lc were used extensively on 
Russian locomotives which, by the turn 
of the century, were all burning fuel oil 
with the exception of those in the coal 
regions and Siberia. 


Simultaneously, in Great Britain, 
steam oil atomizers, in many respects 
similar in design to those used in Russia, 
were successfully developed and here 
the advantages of superheated steam for 
oil atomization were first recognized. 
Superheated steam gives a higher oil 
preheat, reduction in steam consumption 
due to its higher specific volume afford- 
ing an equal velocity with less quantity, 
and a steady flame due to avoidance of 
water slugs as was frequent in the days 
of ineffective steam separators. British 
railway and maritime interests, notably 
the Admiralty, fostered extensive in- 
vestigations and good results were ob- 
tained with several atomizers of the 
steam-oil type, Figure 2, and steam-air- 
oil type, Figure 3. Due to fuel oil cost, 
limited availability, and the economic 
opposition of the coal producing indus- 
try, the results of these experiments 
were not generally applied until about 
1880. The first application was on loco- 
motives, where objections to cost and 
availability were not too serious, since 
many railroads operated their own coal 
mines in connection with artificial gas 
plants and produced tar oil as a by- 
product. 


The consumption of fresh water re- 
quired by early steam atomizers pro- 
hibited their extensive use on ocean 
vessels, and in an effort to circumvent 
this objection, much attention was given 
to the development of oil-gas furnaces 
in which the oil was vaporized in a 
retort before being introduced to the 
furnace. This resulted in satisfactory 
combustion, but operating and mainte- 
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Fiaure 2. Schematic ARRANGEMENT oF EARLY BritisH STEAM 


Oi. AromizZeERs, !870-1900, 


nance difficulties were encountered in 
the retorts which became coked with 
carbon. Experimental marine installa- 
tions of both steam atomizing, and gas- 
oil burners, however, demonstrated that 
the evaporative rates obtainable with 
coal could be increased. 


In France, during the same era, the 
development of oil burning was insti- 
gated by the problem of finding a use 
for the tar oil residue of gas works. 
Good technical progress was made in 
recognizing the value of minimizing air 
resistance, directing the air on the 
evaporating oil film, and using a mini- 
mum of excess air to maintain high 
furnace temperatures and combustion 
efficiency. Efforts to eliminate fresh 
water consumption included the use of 


compressed air, Figure 4, in lieu of 
steam as an atomizing agent, and it was 
found that even with the necessary addi- 
tion of steam driven compressors, the 
operating range of destroyers was in- 
creased by conversion from coal to oil. 
Space, weight and maintenance prob- 
lems limited the practical application of 
compressed air, and after early adoption 
of steam atomizers of the type shown in 
Figure 1b, the French Navy adopted a 
steam version, substantially as shown in 
Figure 4a. 


In the United States, early experi- 
ments with industrial oil burners, start- 
ing about 1860, met with only limited 
success, and consisted mainly of efforts 
to vaporize the oil in retorts before 
introducing it into the furnace, or burn 


FiauRe 3 ARRANGEMENT OF EaRLy 
British Steam-Air-Oi. ATomIZER, 1890 -1S00, 


Fieure 4 Schematic ARRANGEMENT OF 
Earw French Air Atomizers,!880-1900, 
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it directly on porous refractory floors 
intended to act as wicks. It was found, 
as in other countries, that such devices 
readily coked-up. Occasionally, steam 
jets were used to assist in the furnace 
distribution of the combustible — a 
method that is still used today on many 
coal burning boilers. After these early 
failures, several steam atomizers, similar 
to those used in Europe, were developed 
and installed on a few locomotives, and 
west coast merchant vessels during the 
period 1890-1900. The first marine in- 
stallations were on the west coast where 
coal was scarce and costly, and the dis- 
covery and development of the western 
oil fields provided a ready source of fuel. 


In this country the Merchant Marine. 


took the initiative in adopting oil as a 
fuel. The Navy, although undertaking 
considerable research and development 
with oil burners, did not adopt steam or 
compressed air oil atomizers for combat 
ships, as had the European Navies prior 
to the introduction of dynamic pulver- 
ization by straight oil pressure in 1902, 
or by this new form of oil atomization, 
until the advent of World War I. 


At an early date it was apparent that 
the use of fuel oil for marine power 
plants offered promise of many great 
advantages : 


1. Quicker bunkering. 

2. Smaller bunker space. 

3. Increased rates of boiler evapo- 
ration. 

4. Smaller, lighter and more effi- 
cient boilers. 

5. Increased power plant maneu- 
verability. 

6. Smokeless combustion. 

7. Fewer personnel. 


These considerations are particularly 
pertinent to naval vessels, and conse- 
quently, during the period 1890-1902, 
oil fired boilers were adopted by the 
European Navies, especially for vessels 
operating in home waters. 


Prior to 1902 the widespread applica- 
tion of oil burners to marine service 
was seriously curtailed by: 


1. The lack of an efficient method 
of burning oil without the use of steam 
or compressed air. 


2. The scarcity of fuel oil and the 
lack of world-wide bunkering sta- 
tions, such as existed for coal. 


The first of these obstacles was by far 
the greater, since the steam consumption 
of the existing steam atomizers ranged 
upward from 3 percent of the boiler 
capacity. This was a great disadvantage 
to trans-oceanic ships, since the addi- 
tional fresh water storage resulted in 
less cargo or magazine space. The use 
of compressed air, while not as satis- 
factory, required additional compressors 
and compressor capacity, both of which 
required increased initial and mainte- 
nance costs, and also larger engine room 
space allotments. 


These objections to the use of oil 
burners were eliminated in 1902 by the 
introduction of dynamic pulverization of 
oil which accomplished atomization and 
distribution of the spray by means of 
high oil supply pressure. This new 
atomizer, which opened wide the marine 
field, was essentially one of constant 
capacity. A typical atomizer of the 
dynamic pulverization, or as more com- 
monly called, straight mechanical pres- 
sure type, is shown in Figure 5. It con- 
sists essentially of a sprayer plate 
located at the tip of an oil supply barrel 
to which fuel oil is supplied under high 


1 


FIGURE 5. SECTION OF TYPICAL STRAIGHT 
MECHANICAL PRESSURE O1L ATOMIZER. 
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pressure. The sprayer plate contains a 
circular whirling chamber into which 
oil is fed through a multitude of tan- 
gential slots, thus establishing a whirling 
action. The oil is discharged, through a 
central circular outlet orifice, into the 
furnace in the form of a hollow cone 
of atomized oil. The capacity and the 
spray angle characteristics are largely 
determined by the relative size of the 
whirling chamber, and the inlet and 
outlet orifices [2]. Since the energy 
for atomization is derived solely from 
the oil supply pressure, there is a mini- 
mum pressure that will give satisfactory 
atomization. This has been found, by 
experience, to be approximately 75 p.s.i. 
for the usual Bunker C fuel oils at the 
preheated temperature required to main- 
tain proper viscosity. The capacity of 
straight pressure atomizers varies ap- 
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proximately with the square root of the 
oil supply pressure. Thus, with 300 
p.s.i. inlet oil pressure the capacity range 
within the limits of good atomization is 
only about 2:1. Greater capacity ranges 
require a manual change of sprayer 
plate and/or cutting burners in and out. 


Soon after the introduction of mechan- 
ical atomization, steam atomizers re- 
tained only a limited field of special 
application on lake and river boats, and 
on dredges and tugs where rapid and 
frequent load changes warranted their 
favorable wide capacity range variation, 
and the loss of fresh water was not 
critical. World-wide distribution of fuel 
oil bunkering stations kept pace with 
the fuel oil requirements, and the condi- 
tions just described were essentially 
those existing in the marine field at the 
start of World War II. 


THE PRESENT MARINE PROBLEM 


It is rather ironical that steam atom- 
izing oil burners, which were almost 
entirely superseded by the straight pres- 
sure oil atomizer for marine service 
because of their prohibitive steam con- 
sumption, should show such excellent 
promise as a possible solution to the 
present problem of providing wide ca- 
pacity range burners capable of carrying 
all maneuvering and port loads in “cold” 
furnaces, with smokeless combustion. 
while burning poor quality residual 
fuel oil. 


The size of marine boilers, and espe- 
cially furnaces, has been decreasing 
steadily, resulting in higher furnace heat 
release rates and possibly temperatures. 
Therefore, it has been necessary to pro- 
vide water-cooled walls and roofs, and 
some of the heat absorbing surface that 
was formerly placed in the boiler bank 
is now disposed around the furnace. 
This gives a so-called “cold furnace,” 
relatively void of heat reflecting refrac- 
tory, which often creates a difficult burn- 


ing problem for a straight pressure 
atomizer operating at low maneuvering 
or port rates with corresponding low 
oil supply pressures. In addition, con- 
tinucd decrease in the space occupied by 
the heating surface has necessitated the 
use of close spaced bare, or extended 
surface, tubes in the convection passes 
which, if given the chance of poor com- 
bustion, act as excellent soot traps. 


The loss of plant efficiency at low or 
maneuvering rates is not the real con- 
cern in marine service. Instead, it is the 
fire hazard arising from air heater or 
economizer soot accumulations resulting 
from poor combustion conditions, or the 
danger of furnace explosions resulting 
from loss of ignition and accumulation 
of raw oil in the furnace, which subse- 
quently becomes ignited. To forestall 
this, steam atomization is resorted to 
frequently, with special consideration 
given to reducing the steam consump- 
tion over that required by the older 
steam oil atomizers. 
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COMBUSTION OF FUEL OIL 


Industrial fuel oils are a mixture or 
blend of hydrocarbons, so-called because 
hydrogen and carbon are their principal 
constituents. The number of hydrocar- 
bon compounds is huge and varies with 
the type crude, with the type of distilla- 
tion or cracking process, and with the 
final burning process. 


Crudes can be generally classified in 
three categories, depending upon their 
base—paraffin, asphaltic and naphthenic. 
Although ordinarily an entire field, or 
even a country, will produce the same 
base crude, it is not unusual to find all 
crudes in the same field. 


Each of these crudes produce fuels 
suitable for burning. However, those 
with a paraffin base are more easily 
burned, while those with an asphaltic 
base give the most trouble. Generally, 
no selection is available to the designer 
or operator of marine oil burners, since 
ocean-going vessels must bunker in all 
parts of the world, and even the bunker- 
ing station serving lake and river boats 
are often supplied with fuels from dif- 
ferent crudes. 


Crude oil usually is not suitable, or 
offered, for industrial burning, because: 


a. It generally contains both highly - 


volatile and heavy residues, which 
make it difficult and dangerous to 
handle. (Viscosity is referred to by 
the word “heavy” in this case, rather 
than specific gravity.) 

b. The design of fuel burning equip- 
ment (atomizer, air system, preheater, 
fuel service pumps) to handle such a 
range of volatility is impractical. 

c. The lighter constituents, gasoline, 
etc., are premium products with a 
more lucrative market. 


As a result, crudes are refined, which 
consists of separating them into frac- 
tions having the same boiling point 
range. These fractions range from the 
light distillates, such as gasoline, kero- 


sene and lubricating oils, to the heavy 
residues used for industrial fuel oil. 
When this distillation is done at sub- 
stantially atmospheric pressure, the 
products are referred to as “straight 
run”; however, in modern refining, this 
is usually only the beginning, for in 
order to secure greater yields of the 
premium light hydrocarbons, such as 
gasoline, the fractions heavier than this 
are “cracked” under high temperature 
and pressure, with or without a catalyst, 
to form new hydrocarbons, having both 
lighter and heavier fractions than the 
original, which, in turn, are separated 
according to volatility. Cracking, unlike 
simple distillation, changes the molecular 
structure so that crude oils yield much 
more of the valuable lighter fractions, 
and proportionally less of the heavy 
residual ones. Not only does the crack- 
ing process give less of the heavy residue 
which is used for industrial fuel, but it 
has poorer burning qualities, a condi- 
tion which the designer must recognize 
and cope with. 


The actual combustion process of 
hydrocarbons cannot be explained by 
simply equating the end points; that is, 
burning hydrogen and carbon to water 
and carbon dioxide [3]. The intermedi- 
ate process between these end points is 
most complex, with the combustion 
process, represented by two extremes, 
occurring simultaneously in every hy- 
drocarbon flame. These two types of 
combustion extremes are: 


1. Blue flame, or aldehydeous com- 
bustion. 


2. Yellow flame, or carbonic com- 
bustion. 


In blue flame combustion (hydroxyla- 
tion or aldehydeous combustion) the 
hydrocarbon molecules absorb oxygen 
to form peroxides, which further split 
up into aldehydes and water. The alde- 
hydes then decompose to the final com- 
bustion end point of CO, and H,O, 
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FiguRe 6. COMBUSTION OF HYDROCARBONS BY 
THE ALDEHYDEOUS OR Buve FLAME PROCESS 


though the process is not a direct or 
simple one, Figure 6. Under this form 
of combustion, uncombined carbon does 
not exist during any phase of the com- 
bustion process, hence incomplete com- 
bustion is not characterized by soot 
formation, but by invisible acrid vapors 
usually containing formaldehye, an 
intermediate product of blue flame com- 
bustion. 


In yellow flame, or carbonic combus- 
tion, the hydrocarbons first decompose 
or crack into lighter hydrocarbon com- 
pounds and/or directly to carbon and 
hydrogen, and thence to the end products 
of CO, and H,O. In this type combus- 
tion, uncombined carbon exists during 
a phase of the burning; consequently, 
formation of soot and smoke are pos- 
sible if combustion is not completed, 
Figure 7. 


These two types of combustion can be 
illustrated by burning illuminating gas, 
a hydrocarbon, in an atomsphere of air 
to produce a yellow flame, Figure 8a, 
and then reversing the procedure by 
burning air, so to speak, in an atmos- 
phere of gas to produce a blue flame, 
Figure 8b. This difference in flame 
behavior can be explained much as fol- 
lows. The flame center in each case is 
exposed to high heat radiation converg- 
ing from all directions. When gas is 
present in this central zone, it cracks 
under the high temperature to form 


| 
DIOXIDE, WATER 


Figure 7 COMBUSTION OF HYDROCARBONS BY 
THE CARBONIC OR YELLOW FLAME PROCESS 


particles of solid carbon which are set 
glowing, Figure 8a. Final oxidation 
takes place as these carbon particles 
pass through the flame front, hence, it 
is paramount that satisfactory burning 
conditions be established and maintained 
during this phase of the combustion 
process. If this is disturbed, due to poor 
air-oil mixing, soot and smoke will re- 
sult, while if a relatively cold surface, 
such as a boiler furnace wall or tubes, 
is contacted, carbon deposits will build 
up. When the highly heated flame cen- 
ter is non-decomposable air, Figure 8b, 
the surrounding gas is exposed to a 
lesser converging heat of radiation and 
is not subject to thermal decomposition 
or cracking. The central air supply, 
being thusly preheated, gives a condi- 
tion favorable to the formation of 
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Fiaure 8. @) CaRBONIc COMBUSTION BY BURNING 
GAs IN AN AIR ATMOSPHERE. ALDEHYDEOUS 
COMBUSTION BY BURNING AIRIN A GAS ATOMSPHERE. 
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peroxides, a first step in the resulting 
aldehydeous or blue flame combustion 
process. Thus, it is possible to obtain 
both types of combustion with the same 
gas, simply by altering the burner 
design. 


The Bunsen burner, Figure 9a, is an 
example of a burner designed for alde- 
hydeous combustion in order to allow 
the flame to come in contact with ves- 
sels without forming soot. The burner 
design accomplishes this by admitting 
the gas through a small jet at the base 
of a long mixing tube. Air is also 
admitted at the base of the tube by side 
openings, which permit a pre-mix of 
gas and air prior to the combustion 
zone. It also lessens the rapidity with 
which the hydrocarbons become heated 
(as compared to the case of Figure 9b, 
where no air pre-mix takes place) and 
this gives the oxygen time to penetrate 
the hydrocarbon molecules to form 
unstable hydroxylated compounds which 
burn with a blue flame. 


The other combustion extreme, car- 
bonic, also can be designed for by elimi- 
nating the air-gas pre-mix and relatively 
slow preheat. Thus, if the air ports of 
the Bunsen burner are closed, the gas 
reaches the combustion zone without an 
air pre-mix, Figure 9b. Here the rich 
gas is immediately subject to high tem- 
peratures where it undergoes thermal 
decomposition, and is finally broken 
down into hydrogen and carbon. The 
hydrogen readily burns, and the free 
carbon glows to incandescence to make 
a yellow and highly illuminating flame. 
This combustion type is the basis of 
burners designed for illuminating pur- 
poses, such as the common fishtail 
burner of the gas light era. 


Actually, both general types of com- 
bustion occur in the flames of industrial 
oil burners, and it is well to recognize 
the conditions favorable to these two 
combustion extremes so as to take full 
advantage of them. The conditions 


a 


FigurRe9. @ ALDEHYDEOUS COMBUSTION WITH 
Bunsen Burner. (>) CaRBonic COMBUSTION 
WITH A BUNSEN BURNER. 


favorable to the blue flame or alde- 
hydeous combustion process, are: 


a. Complete fuel atomization and 
thorough mixing with air prior to 
combustion. 


b. Preheat of the air supply to pro- 
mote the formation of peroxides. 


c. Protection of the mixture from 
high radiant heat to forestall ‘“crack- 
ing.” 


Some domestic oil burners meet all of 
these conditions and obtain a predomi- 
nately blue flame combustion, which is 
soot-free. The high burning rate, how- 
ever, required of industrial burners pro- 
hibits practical establishment of all of 
these conditions. Consequently, the 
flame of most oil burners follows pre- 
dominately a carbonic process. The 
conditions favorable to the production 
of this yellow flame or carbonic com- 
bustion process are: 


a. Poor fuel atomization. 


b. No pre-mix of the fuel and the 
air prior to combustion. 


c. No pre-heat of the combustion 
air. 

d. Poor air-oil mixing, resulting in 
oil or oil gas cracking without oxygen 
available to complete combustion. 


e. Sudden exposure of the fuel to 
high radiation causing “cracking.” 
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Soot formation under these conditions 
is possible, particularly if the associated 
air register and furnace design does not 
facilitate completion of the combustion 
process. These are the external condi- 
tions affecting combustion. The actual 
fuel chemical composition also will exert 
an influence on the predominating type 
of combustion. However, fuel oil blend- 


ing, changes in supply sources, and the 
increasing poorer “burning quality” of 
available fuel oils, leaves little choice 
but to design for the worst. 


Each basic type of combustion has its 
advantages and disadvantages for indus- 
trial oil burning and many of these 
follow : 


BLUE FLAME COMBUSTION 


Advantages : 

Sootless operation under all com- 
bustion conditions. This insures high 
heat transfer across boiler tubes due 
to clean external surfaces. 
Disadvantages : 

a. Low combustion rate. This re- 
stricts burner capacity. 

b. Long flame travel. This requires 


large furnaces if flame impingement 
is to be avoided. 


c. Low heat transfer by radiation 
of the flame. This reduces the extent 
to which radiant heat absorbing sur- 
face can be used in the boiler furnace, 
thereby requiring more heat absorbing 
surface in a larger boiler tube bank 
for the same overall heat transfer. 


YELLOW FLAME COMBUSTION 


Advantages : 

a. High rate of combustion with a 
short flame. This results in small, 
short furnaces. 

b. High heat transfer by radiation 
of the flame. This permits the use of 
furnace water cooling surface with 
subsequent high heat release rates and 
accompanying reduction in furnace 
and boiler tube bank size. 


Disadvantages : 

a. Forms soot under poor combus- 
tion conditions. This is not only ob- 
jectionable from the combustion effi- 
ciency standpoint, but the soot deposits 
on the boiler tubes reduces heat trans- 
fer, and provides fire and explosion 
hazard within the boiler and breech- 
ing. 

b. Requires special furnace design 
consideration in the region of the 
short hot flame to prevent damage to 
the brickwork. 


Since neither of these combustion ex- 
tremes prevail alone in industrial oil 


burners, it is the designer’s problem to 
develop a compromise burner design 
that will provide for as many of the 
most favorable features of each type of 
combustion extreme. For instance, oil 
atomization can be accomplished by 
dynamic pulverization through velocity 
imparted to the oil by the oil supply 
pressure by mechanical means, such as 
rotary disks, or by foreign aids, such as 
steam or air. Air-oil mixing is aided 
by air registers, and often preheated air 
is supplied. Each of these is, of course, 
directed toward blue-flame combustion. 


Toward the end of yellow flame com- 
bustion is: 

a. The absence of air-oil pre-mix 
prior to subjecting the combustible 
to the furnace. 

b. Incomplete air-oil mixing, par- 
ticularly at the center of the oil spray 
where air penetration is difficult. 

c. Sudden exposure of the fuel to 
high furnace radiation. 

d. Absence of preheated air. 
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Figure lO. TYPICAL MINIMUM BURNER CLEARANCES 


For RESIDUAL: FUEL OIL. 


Although the results of most combus- 
tion processes for the generation of heat 
are hybrid flames in which both alde- 
hydeous and carbonic combustion types 
occur simultaneously with a host of 
intermediate reactions, the flames of 
industrial oil burners are predominately 
of the carbonic, or yellow flame, type. 
There is nothing wrong with burners 
in which this type combustion predomi- 
nates; in fact, it makes possible high 
burning rates and small size, high 
radiant heat absorbing water-cooled 
furnaces. 


Two prime factors in completing com- 
bustion are the relation of the atomizer 
to furnace and boiler tube surfaces, and 
the degree of oil atomization and air-oil 
mixing accomplished by the atomizer. 


The first of these factors largely es- 
tablishes the furnace size. It requires 
that experimentally determined mini- 
mum clearances (less than which will 
disturb the combustion and form soot 
or carbon deposits on the interfering 
surface) be maintained, thus the limits 


of the combustion zone under the most 
adverse firing conditions set the furnace 
size. Figure 10a illustrates this method 
of establishing many of the furnace 
dimensions of a typical multi-burner 
boiler by employing a typical set of 
“clearance” dimensions for several types 
of furnace surfaces. Figure 10b also 
illustrates the use of clearance dimen- 
sions for a single high capacity burner 
to obtain a furnace of minimum size 
and weight. While larger air registers 
and drafts are required for such a high 
capacity burner, it has not been found 
necessary to increase clearance dimen- 
sions when the fuel supply pressure 
remains constant. 


These clearances will vary with: 


1. The burning quality of the oil. 
For instance, light distal oils can be 
burned with smaller clearances than 
heavy residual Bunker C oil. 


2. The oxygen content of the com- 
bustion supporting media. For in- 
stance, the clearances are less for 
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pressure firing where the oxygen con- 
tent per unit volume is increased by 
maintaining the furnace under pres- 
sures above atmospheric, or for an air 
supply enriched with oxygen. 


3. The temperature and nature of 
the clearance surface. For instance, a 
greater clearance to a cold tube sur- 
face is required than to a hot refrac- 
tory surface because of the favorable 
combustion nature of the hotter sur- 
face. A greater clearance to screen 
tubes than to side waterwall tubes, 
even though they are both cold sur- 
faces, is generally used to compensate 


for the gas flow toward the screen. 
Also, target wall clearances greater 
than those for side walls of the same 
construction are used to reduce im- 
pact erosion effects. 


The second factor, oil atomization and 
air-oil mixing, is particularly important 
at the flame front in order to promote 
not only aldehydeous burning of the oil 
spray surface particles, but especially 
final burning of the free carbon as it 
comes from the flame center. One means 
of accomplishing or assisting this is the 
use of a foreign atomizing and mixing 
agent, such as high pressure steam or air. 


[ FLAME ROAR AND FURNACE PULSATIONS 


The position of the flame front, or 
separation between the burning and non- 
burning part of the fuel flow, is estab- 
lished by the equilibrium of velocity of 
flow and speed of combustion. This 
flame front is in continuous motion as 
the combustion process varies or hesi- 
tates between the aldehydeous and the 
carbonic with its higher combustion 
rate. That is, under predominately car- 
bonic combustion conditions, the flame 
front lies closer to the burner tip than 
with conditions which are favorable to 
the slower aldehydeous type combustion. 


These changes in prevailing predomi- 
nating combustion conditions may be 
brought about by local variations in 
atomization, preheat, or air-fuel mixing. 
For instance, under a condition favor- 
able to rapid carbonic combustion, such 
as high oil preheat from furnace radia- 
tion, the flame will move toward the 
source of fuel; that is, the atomizer tip 
and center of flame cone. However, as 
the tip is approached, the conditions be- 
come less favorable for sustaining car- 
bonic combustion, due to a decrease in 
the preheat and decrease in the amount 
of available atomized and air-mixed fuel, 
with the result that the flame is blown 
back by the flow of the combustible to a 
position where a predominately alde- 


hydeous or less rapid combustion type 
is established. This process is repeated 
as local variations in atomization, pre- 
heat, and mixing produces a combustion 
type alternating between the aldehydeous 
and carbonic extremes, and the effect is 
a vibrating flame front. When the flame 
is steady, the frequency of vibration is 
high, the amplitude low, and the noise 
level is not objectionable. As the flame 
front becomes less steady, its frequency 
decreases, amplitude increases, and a 
roar of objectionable noise level may 
result. As the frequency becomes ex- 
tremely low, resonance with the oil 
burner front plate and boiler casing, 
which is usually large and of a low 
natural vibration period, may take place 
and can reach damaging proportions. 
Usually the latter pulsation condition is 
associated with low rate operation when 
conditions favorable to one of the two 
extreme combustion types are less 
clearly defined. Often pulsations can be 
eliminated by a slight change in any of 
the combustion influencing factors, such 
as changing the oil spray angle, adjust- 
ing the air register, or raising the draft. 


When the origin of furnace pulsations 
is from fluctuations in the fuel supply, 
such as might result from a recipro- 
cating fuel service pump, or from exces- 
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sive fuel preheat causing vapor bubbles 
in the line, adjustments of the nature 
mentioned above are of little avail. 
However, these conditions do not cause 
serious or objectionable burner front 
and furnace pulsations, since they result 
in a high frequency, as in the case of a 
reciprocating fuel service pump, or of 
non-periodic frequency, as in the case 
of vaporization in the fuel supply line. 


Pulsation or roar phenomena occur 
with both straight pressure atomizers 
and steam atomizers. Steam atomizers 
are generally far less troublesome, pri- 
marily because they are designed to in- 
sure the predominance of a constant set 
of combustion conditions at all fuel 
rates, and secondly, the steam, in addi- 
tion to performing the primary atom- 
izing and mixing requisite, also acts as 
a stabilizer. 


An intense roar, however, may result 
with external mix atomizers of a kind 
shown in Figure 14, when the steam 
cone or jets cut too deeply into the 
flame center. The effect of cutting 
acutely into the flame center, where 
cracking and the first stages of carbonic 
combustion are taking place, is a local 
disturbance of normal processes and the 
creation of unsteadiness. Occasionally, 
high pressure air, instead of steam, has 
been used to assist atomization or air- 
fuel mixing. The additional oxygen 
thus supplied aids combustion as well 
as assists atomization and mixing with- 
out a fresh water loss, since the steam 
used to drive the air compressors could 
be condensed. However, if these air jets 


STEAM ATOMIZING OIL 


Oil burners using steam for atomiza- 
tion may be grouped into three general 
categories—external-mix, internal-mix, 
and hybrid-mix, depending upon whether 
the steam contacts the oil outside the 
atomizer, inside the atomizer, or both 
outside and inside the atomizer. It also 
is possible to differentiate between each 
of these three classes: 
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cut acutely into the flame, they will pro- 
duce a violent flame roar, since each 
individual jet tends to set up an alde- 
hydeous combustion type zone well 
within the primary stage of a carbonic 
combustion type zone, with the result 
that a very unsteady flame front pre- 
vails. In general, the use of high pres- 
sure air has several drawbacks, such as: 

1. The expanding air, unlike steam, 
produces a much greater cooling 
effect on the oil spray, with a cor- 
responding unfavorable combustion 
effect. 

2. Its unit volume, expanding from 
the same pressure, is far less than 
steam; hence, its mixing ability is 
also less. 

3. The amount of air supplied in 
this manner is only a relatively small 
percentage of the total required com- 
bustion air; therefore, its merit as an 
oxygen supplier is nil, and natural 
draft or blowers must still be relied 
upon to supply the combustion air. 
However, many domestic oil burners 
use light fuel oil and employ atomiza- 
tion and pre-mixing by low pressure 
air of the total quantity required for 
combustion. 

4. The compressor required is an- 
other piece of heavy, bulky equipment 
that must be maintained. 

It is emphasized that the two com- 
bustion type extremes indicate trends, 
rather than the existing actual state of 
combustion, since each, as well as a host 
of intermediate types, exist simultane- 
ously. 


1. External-mix: 


A. Drooling 
B. Shearing 
C. Wiping 


2. Internal-mix: 


A. Simple mixing chamber 
B. Injection chamber 
C. Rotary chamber 
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Figure 11 Scuematic ARRANGEMENT OF EXTERNAL-MIX 
AND INTERNAL-MiX ATOMIZERS FOR VARIOUS SPAY SHAPES 


3. Hybrid-mix: 
A. Shear-chamber 
B. Jet-chamber 


Further, it may be possible to group 
each of these types according to shape 
of outlet orifice or the oil spray shape 
produced; for instance, 


Circular orifice — needle-like 


spray 
b. Flat straight orifice — narrow 
flat spray 
c. Flat circular orifice—fan shape 
spray 


d. Annulus_ orifice—hollow cylin- 
drical or cone-shaped spray. 
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STEAM OIL ATOMIZERS 


The spray shape for all steam atomizers 
can be made to conform to any one of 
these four spray shapes by altering con- 
struction details. This is a most advan- 
tageous factor which can be used in 
adapting atomizers to various installa- 


tion requirements. This procedure is 
illustrated in Figure 11, which shows a 
schematic arrangement for obtaining the 
full range of sprays for simple external- 
mix and internal-mix atomizers. 


EXTERNAL-MIX ATOMIZERS 


External-mix atomizers are the oldest 
of the three basic types of steam atom- 
izers. In general, they have the highest 
steam consumption, due primarily to 
their inherent design, which fails to 
bring all the steam properly to bear 
upon the oil. Atomization is accom- 
plished by virtue of steam and oil im- 
pact, and spray distribution by the 
orientation and shape of the outlet ori- 
fices and the volumetric expansion of 
the steam-oil mixture. The capacity is 
not sensitive to variations in steam 
pressure or moisture, as is the internal- 
mix type, since the steam exerts no 
back-pressure upon the oil. 


Forms of external-mix atomizers are 
shown schematically in Figure 12. They 
all consist of two adjacent orifices. Oil 
is fed through one, while the other sup- 
plies the steam for atomization. When 
the oil is fed by gravity and drips 
directly in front of the steam orifice, 
Figure 12a, or drips on a trough, Figure 
12b, the atomizer is often called a 
“drooling” type. When the oil is sup- 
plied under pressure and is struck by a 
jet of steam, usually at right angles or 
close thereto, just as it emerges from 
the orifice, the atomizer is often called 
a “shear” type. The essential difference 
between the so-called “drooling” and 
“shear” types is the magnitude of the 
supply oil pressure. Various modifica- 
tions can be made by employing splash 
plates, Figure 12c, or similar devices. 


The fuel should be preheated to facili- 
tate fluid flow in the fuel oil piping 
system and small atomizer passages, and 
to improve combustion. Preheating is 
accomplished in conventional type fuel 


Fiaure!2. ScHEMATIC ARRANGEMENT OF 
“EXTERNAL-MIX ATOMIZERS 


oil heaters, and in many designs often 
is supplemented at the burner by the 
steam tube surrounding the atomizer 
barrel, Figure 13. 


Atomizing steam consumption of these 
types of external-mix atomizers is high, 
and to reduce steam consumption and 
to obtain a more suitable spray distri- 
bution, modern designs have taken ad- 
vantage of the favorable characteristics 
of straight mechanical pressure atom- 
ization, and incorporated these in exter- 
nal-mix steam atomizers to obtain a 
combination steam and mechanical pres- 
sure atomizer having good atomization 
and spray distribution over a wide 
capacity range. 


The external-mix steam atomizer 
shown in Figure 13 uses a combination 
of atomization by straight mechanical 
means, oil pressure, and auxiliary sur- 
face atomization (a surrounding enve- 
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STEAM OIL ATOMIZERS 


lope of high velocity steam) to obtain a 
wide capacity range atomizer. It is 
properly designated a steam-mechanical 
atomizer. The atomizer consists of a 
double barrel in which steam passes 
through the outer annulus passage, and 
oil through the central tube, to a com- 
mon sprayer plate. The oil enters a 
whirling chamber in the sprayer plate 
through tangential slots, which give it 
a whirling motion as it passes to the 
outlet orifice. The oil emerges from the 
outlet orifice in the sprayer plate as a 
hollow conical atomized spray. The 
steam passes through a series of small 
circular holes located around the oil 
outlet orifice in the sprayer plate, and 
is directed so that the enveloping steam 
cones will wipe the oil spray cone. 


Two methods of arranging the steam 
holes to obtain the desired cone effect 
are shown in Figure 14. The method 
shown in Figure 14a orients the steam 
orifices as the elements of a cone. In 
the second scheme, shown in Figure 14b, 
each of the steam orifices is located in a 
plane tangent to a common pitch circle, 
and at an angle to a perpendicular to 
the pitch circle equal to one-half the 
desired steam cone apex angle, a’. This 
results in a hyperboloid form of envel- 
oping surface. Its profile can be con- 
structed by plotting the intersection of 
the axis of these steam orifices with 
a central axial plane, as shown in 
Figure 15. 


All contact between the steam and the 
oil occurs external of the sprayer plate; 
hence, atomizers of this type are, as 
previously stated, not sensitive to varia- 
tions in steam quantity. Atomizers of 
this type may be operated as straight 
mechanical pressure atomizers, provided 
the minimum oil pressure is approxi- 
mately 75 p.s.i. With unfavorable fur- 
nace conditions or with inferior burning 
fuels, steam can be introduced through 
the same sprayer plate to assist atomiza- 
tion. This method of operation increases 
the capacity range of the burner appre- 
ciably by making it possible to reduce 


‘FIBURE |S. GRAPHICAL OF STEAM ENVELOPE 
JPROFILE FOR AN EXTERWAL-Mix STEAM MECHANICAL ATOMIZER 


firing rates considerably below the 
satisfactory minimum obtainable when 
using only mechanical pressure atom- 
ization. 


The orientation of the steam and oil 
spray cones is important, since the best 
results are obtained when the steam 
wipes the oil spray surface. This causes 
surface atomization, air combustible 
mixing by sort of a “peeling action,” 
and provides a catalytic agent to pro- 
mote oxidation of free carbon as it 
passes through the flame front. If the 
steam is directed highly convergent with 
the oil spray, it does not fully serve its 
purpose since: 


a. There is insufficient steam for 
atomizing the total amount of oil. 
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b. It disturbs the first stages of the 
predominately carbonic combustion 
occurring at the flame center. 


c. The benefit of air-combustible 
mixing by the peeling action is lost. 
When the steam is directed highly 
divergent to the flame front it, of 
course, loses its atomizing effective- 
ness. 


Figure 16 shows the effect of the 
steam and oil interference angle on com- 
bustion as measured by stack CO, read- 
ings at trace smoke. Here the steam 
angle was taken as the exit angle of the 
steam orifice, and the oil spray angle 
measured under still air conditions. For 
simplicity of illustration, the still. air 
spray angle has been taken as the flame 
angle, and effect of air register design, 
combustion air velocity, combustion 
process, etc., has been neglected; how- 
ever, since establishing a trend is the 
purpose, choice of base is immaterial. 
It is seen that orientation of steam and 
oil cones does influence combustion, and 
that a steam cone that heavily wipes the 
oil cone gives superior results to one 
which is essentially parallel. The im- 
portant thing is not to interfere with 
the normal combustion process in the 
central region of the flame, but to atom- 
ize the surface particles and assist in 
mixing the combustible with air for 
rapid complete combustion while acting 
as a catalyst to promote  soot-free 
combustion. 


The amount and velocity of the steam 
required to properly assist atomization 
has been determined by experience, and 
it has been found that steam pressures 
approximately 20 p.s.i. above the oil 
supply pressure and in amount of 1 to 5 
percent of the steam generated is ample. 
While control of steam and oil pres- 
sures is desirable to minimize steam 
consumption, it is by no means critical 
in the sense that it is with many atom- 
izers of the internal-mix type, where 
unbalances can stop the flow of either 
the steam or oil. 


The capacity range of steam-mechani- 
cal type atomizer is 4-8 to 1, depending 
upon the maximum available oil supply 
pressure and size of sprayer plate—the 
greater range being associated with 
high oil supply pressures and high 
capacity sprayer plates. 


Performance of a typical steam- 
mechanical atomizer, operating under 
both no-control and automatic steam 
control conditions is shown in Figure 
17. The oil rate varies substantially as 
the square root of the supply pressure 
(similar to straight mechanical pres- 
sure atomizers). The simplest method 
of operation consists of supplying a con- 
stant amount of steam at all times, irre- 
spective of oil rate. The amount of 
steam supplied would be that required 
for atomization at the most unfavorable 
rate, and while this is the simplest, in 
that no steam regulating controls are 
required, it is also the most costly from 
a steam consumption standpoint. The 
steam consumption for this type of 
operation is shown by the dotted curve 
of Figure 17 to vary from a maximum 
62/90 = .69 lb. of steam per Ib. of oil 
at the minimum capacity to 62/500 = 
12 lb. of steam per lb. of oil at maxi- 
mum capacity. In terms of total boiler 
steam output, steam consumption ranges 
from approximately 5 percent at the 
minimum to 1 percent at the maximum 
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STEAM OIL ATOMIZERS 


capacity, and is prohibitive when oper- 
ating a good portion of the time at 
minimum capacities. 


More efficient operation is obtained by 
automatically controlling the steam so 
as to vary its consumption with the oil 
rate. This is shown by.the full curve of 
Figure 17, where the steam pressure has 
been held a constant amount (20 p.s.i.) 
above the oil pressure until an oil pres- 
sure of 100 p.s.i. is reached, at which 
point no further increase in steam pres- 
sure is required, since satisfactory 
atomization is obtained by oil pressure 
alone. Steam is held constant at 120 
p.s.i. as oil pressure is further increased 
to obtain higher capacities mainly to 
prevent the steam orifices from becom- 
ing clogged or carbonized with com- 
bustible matter. It also simultaneously 
performs atomizing, mixing, and cata- 
lytic functions. Oil supply pressure as 
low as 10 p.s.i. will establish a partially 


INTERNAL-MIX 


Internal-mix atomizers incorporate a 
chamber into which oil and steam are 
introduced prior to discharge into the 
furnace. Atomization of the oil is accom- 
plished by first mixing the oil and steam 
by jets, venturi tubes, etc., to form an 
oil-steam emulsion, and then discharging 
this emulsion, by the prevailing chamber 
pressure and velocity head, into the fur- 
nace. The oil-steam emulsion formed in 
the chamber is under a pressure well 
above that in the furnace, and upon dis- 
charge, its free expansion, together with 
the orientation and shape of the outlet 
orifice, provides for the dispersal of the 
oil particles. As shown schematically 
in Figure 11, the shape and orientation 
of the discharge orifice can be used to 
establish, to a great extent, the spray 
distribution of a simple internal-mix 
atomizer. 


Due to the back pressure effect of the 
steam on the oil supply to the mixing 
chamber, atomizers of this type are more 


atomized spray cone which the steam 
can supplementally atomize to a satis- 
factory degree. At this minimum oil 
rate, Figure 17 shows the atomizing 
steam requirement to be 27/90 = .3 lb. 
of steam per Ib. of oil. The steam con- 
sumption improves with capacity, reach- 
ing a value of 62/500 = .12 lb. of steam 
per Ib. of oil at the maximum rate. In 
terms of boiler steam output this ranges 
from 3 percent at the minimum to 1 
percent at the maximum oil rate. 


While the steam consumption of the 
steam-mechanical type atomizer may be 
prohibitive for ocean vessels, it is less 
critical for dredges, tugs and river and 
lake boats, where fresh water stores are 
more readily available. Application of 
this type of external-mix steam atomizer 
for such installations, where the frequent 
variable nature of the load requires the 
flexibility afforded by steam atomization, 
has been widespread and successful. 


TYPE ATOMIZERS 


sensitive to variations in steam pressure 
than those of the external-mix type. 
They also result in high degree of oil 
preheat by direct steam contact, thereby 
requiring only oil preheaters of a size 
sufficient for liquid flow to the burners. 
Low fuel oil supply pressures are ordi- 
narily used, since the pressure is re- 
quired only to deliver the oil to the 
mixing chamber and not for atomiza- 
tion. These features facilitate large fuel 
oil passages—one of the main advan- 
tages of this general type of atomizer. 
Thus the burner can handle extremely 
low grade viscous fuels, such as heavy 
sludge, tar and industrial wastes. 


A simple form of internal-mix type 
atomizer is shown schematically in 
Figure 18a, and consists of a single 
mixing chamber, into which steam and 
oil are fed by adjacent orifices, dis- 
charging into a single outlet orifice. 
Modifications to the mixing unit, such 
as the venturi of Figure 18b or the 
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multi-chamber of Figure 18c, have 
been used to improve mixing. Further, 
various methods of introducing the 
steam and oil, such as the combination 
of axial and tangential steam orifices 
for the preliminary churning of the oil 
prior to its entrance to the main mixing 
chamber, as shown in Figure 18d, or the 
opposed orientation of the steam and oil 
orifices shown in Figure 18c, have been 
employed in an effort to improve the 
mixing or emulsifying the oil prior to 
discharge into the furnace. 

The oil-steam sprays issuing from the 
circular or slotted outlet orifices shown 
in Figures 18a, 18b and 18c are long 
and narrow, which limits the capacity 
of such atomizers, because of the diffi- 
culty of obtaining satisfactory air-oil 
contact along the entire length of the 
spray, especially when all of the com- 
bustion air is supplied as primary air at 
the air register. Consequently, atomizers 
were designed to operate with wide- 
angle conical-shape sprays. Some of 
these designs are shown in Figure 18d, 
and the various whirling chambers of 
Figure 19. Wide-angle, conical-shape 
sprays provide better air-oil contact 
conditions and are also more suitable 
for use in short furnaces. 

Many designs imparting a whirling 
motion to the oil, steam, or both, have 
been used to improve atomization and 
shape of spray. A type which imparts 
rotary motion to both the oil and the 
steam is shown in Figure 19a. Here the 
mixing chamber is a relatively large 
venturi throat into which also is intro- 
duced high pressure combustion air. 
Undoubtedly, the introduction of the air 
in the mixing chamber promotes air-oil 
mixing. The requirement for supplying 
the total combustion at high pressure 
limits the practical and economical use 
of such types of atomizers to relatively 
small capacities. However, in special 
installations, or for short time opera- 
tion under difficult burning conditions, 
high pressure air may offer the best 
solution. 


FiguReE ScHEMATIC ARRANGEMENT OF 
INTERNAL-MiIx ATOMIZERS 


Occasionally, efforts are made to 
aspirate a large portion of the combus- 
tion air by placing such atomizers in the 
throat of the burner opening in the fur- 
nace wall, but again, the quantities of 
high pressure steam or air necessary to 
aspirate any appreciable portion of the 
combustion air are usually prohibitive. 


Figures 19b and 19c show schemati- 
cally atomizer constructions which give 
an initial whirling motion to only the 
oil. In Figure 19b the oil is given a 
rotary motion by arranging for its tan- 
gential entrance to the mixing chamber. 
The steam enters axially at the rear of 
the chamber and the final mixing with 
the oil takes place at the chamber exit 
by a shearing process. 


In Figure 19c the oil is given an 
initial whirling motion by passing it 
over a screw thread prior to its entrance 
to the mixing and whirling chamber. 
The steam enters the chamber by an 
annulus surrounding the oil barrel, 
emulsifies the oil in the whirling cham- 
ber, and then discharges with the oil in 
a conical shape spray. 


A high fuel oil supply pressure and 
preheat is required in order to obtain 
any appreciable degree of rotation when 
only the oil is given an initial whirling 
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motion. This disadvantage is not en- 
countered in the designs shown in 
Figures 19d, 19e and 19f, where high 
pressure steam, available from the 
boiler, is used as the initiating whirling 
agent. Hence, the fuel oil pressure and 
the degree of preheat need only be suffi- 
cient to provide flow to the mixing 
chamber. The design of this type shown 
in Figure 19d consists of a venturi 
throat through which steam, that has 
been given a whirling motion by tan- 
gential inlet slots to a steam chamber, 
is discharged into a mixing chamber. 
The oil enters the whirling chamber 
through a series of radial orifices located 
around the periphery of the mixing 
chamber. 


In Figure 19e the steam enters tan- 
gential to a mixing chamber to set up 
a whirling motion and the oil enters 
axially at the rear of the chamber. In 
Figure 19f the oil enters axially at the 
rear of a mixing chamber and is set 
whirling by tangentially directed steam. 


When steam is used as the initiating 
whirling agent, it should be admitted 
on the outer periphery of the oil, as 
shown in Figures 19e and 19f, instead 
ot on the inside of the oil, as shown in 
Figure 19d. Thus, the steam must pass 
through the oil to impart its full whirl- 
ing motion, direct preheat, and perform 
emulsifying actions as it flows toward 
the chamber axis, because of the induced 
centrifugal separating force. 


The extent to which this separating 
action is avoided largely determines the 
combustion characteristics of this type 
atomizer. The separating action is de- 
pendent upon keeping the separating 
resistance to relative movement of the 
steam and oil as high as possible, and 
the centrifugal separating force as small 
as possible, consistent with a satisfac- 
tory spray angle and degree of mixing. 
The separation resistance of the oil and 
the steam emulsion is enhanced by keep- 
ing the fuel oil viscosity as high as pos- 
sible at the entrance. Within the whirl- 


ing chamber the oil viscosity decreases 
rapidly as the oil becomes heated by 
direct steam contact. The centrifugal 
separating force is determined by the 
ratio of the whirling chamber to outlet 
orifice radii, which should be as small 
as possible. 


The magnitude of the centrifugal 
separating force action on the oil-steam 
emulsion depends upon the whirling 
chamber dimensions. For instance, the 
separating force per unit of volume of a 
mixture of two densities is: 


v2 
f, = (po (6) 
where: 

f, = Separating force per unit of 
volume, lb. per cu. ft. 

r = Radius of any point in whirling 
chamber, ft. 

tr; = Radius of tangential inlet ori- 
fice, ft. 

rt, = Radius of outlet orifice, ft. 


L = Ratio, 


V = Velocity of oil-steam mixture, 
ft. per sec. 
V, = Velocity at inlet orifice, ft. per 
sec. 
V., = Velocity at outlet orifice, ft. per 
sec. 
p. = Density of oil, slugs per cu. ft. 
p, = Density of steam, slugs per cu. 
ft. 
f = Separating force, lb. 
g = Gravitational acceleration, ft. 


per sec.? 


It is seen that the separating force in- 
creases as the square of the velocity and 
difference in densities. The condition of 
a free vortex is assumed to predominate 
within the whirling chamber, since 
energy is neither added nor subtracted, 
so that, 


Veo V, 2, o V, = Vy 
(7) 
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Figure 20, Sowing THe NATURE OF 
THE SEPARATION ACTION WITHIN A WHIRLING CHAMBER 
OF AN \NTERNAL-Mix ATOMIZER. TRACE oF 
Tue Frow PATHS AS DETERMINED FROM (Q), 


or the velocity of any point in terms of 
the inlet velocity, V,, is: 


(8) 


and substituting in equation (1) gives: 


from which it is seen that the sepa- 
rating force decreases rapidly with a 
decrease in the ratio of whirling cham- 
ber to outlet orifice radii L. Even when 
maintaining the value of L as low as 
possible, consistent with a satisfactory 
spray angle (L also influences the angle 
of spray [2]), it is possible to obtain 
velocities so great that separation is 
accomplished in a fraction of the time 
it would take under the gravitational 
separation force. 


fg = (po — (11) 


The manner in which this separation 
takes place is shown in Figure 20, which 
is a photograph of the whirling chamber 
looking toward the outlet orifice of a 
model of an atomizer of the type shown 
in Figure 21. 


(po — p,) = 


and at the point of maximum velocity, 
outlet orifice, 


(9) 


Tj 


(p2 — pr) (10) 


The oil and steam action has been 
simulated by the use of water and air 
respectively. Flow path traces were ob- 
served by means of silk threads attached 
to the chamber face. Only one inlet was 
used in the model; however, actual 
atomizers employ a multitude of inlets 
so as to preclude the chance of an un- 
balanced spray. It is seen that the air 
separates from the water in but a frac- 
tion of a revolution; whereas, the water 
takes several revolutions from inlet to 
outlet. Within the whirling chamber 
vortex the pressure diminishes hyper- 
bolically and the tangential velocity in- 
creases hyperbolically as the center is 
approached, Equation 8; hence, separa- 
tion becomes more rapid both by virtue 
of the increased velocity and increase in 
the density differential as the bubbles 


323 


§=STEAM PATH INLET 

PATH 
a 
d 
d, 
’) 

= 


STEAM OIL ATOMIZERS 


ew A-A 


STEAM 


FIGURE 21. ARRANGEMENT OF WHIRLING CHAMBER 
INTERNAL-MIX TYPE ATOMIZER 


expand under the lower pressure, Equa- 
tion 10. 


This sort of separation in steam atom- 
izers is undesirable and results in a 
separate steam cone within the oil spray 
cone, with a corresponding loss of the 
atomizing and mixing energy of the 
steam. Though an inherent disadvan- 
tage, it can be minimized by: 


(a) Limiting the oil preheat prior 
to entering the whirling chamber to 
an amount necessary for flow pur- 
poses only in order to initially pro- 
vide a high viscous separation re- 
sistance. 


(b) Restricting the size of the 
chamber to that minimum consistent 
with satisfactory direct oil preheat 
and emulsification in order to reduce 
the time available for separation. 


(c) Using the smallest ratio of 
whirling chamber radius to outlet ori- 
fice radius necessary to obtain the 


desired spray angle [2]. This will 
keep tangential velocities, hence sepa- 
ration, to a minimum. 


A good compromise of these factors 
to obtain a satisfactory combination 
whirling and mixing chamber is shown 
in the atomizer design of Figure 21. The 
fuel flow passages are kept large, which 
is of particular importance when using 
fuels carrying large particles of foreign 
matter. The large fuel flow passages, 
and the fact that oil pressure is not 
required for atomization purposes, facili- 
tates the use of low oil pressures, suffi- 
cient only to deliver the fuel to the 
chamber. The steam is projected at 
right angles across the oil jets, and 
heats and emulsifies the oil as it is set 
rotating in the whirling chamber. The 
mixture is then discharged through a 
central outlet orifice in the form of a 
hollow cone-shaped spray. Atomization 
is accomplished both by the centrifugal 
force imparted to the oil as it leaves the 
outlet orifice, and by the free expansion 
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of the steam-oil emulsion from the 
chamber discharge pressure. 

This type of atomizer has been suc- 
cessfully used for capacities up to 4500 
pounds of oil per hour. The steam 
required for satisfactory atomization 
varies widely with the fuel quality, and 
will approximate 1 to 10 per cent of 
the boiler output. 

The ability of atomizers of this type 
to effectively handle low grade fuels 
and wastes at comparatively low pres- 


sures and preheat temperatures has led 
to its adoption in many industrial in- 
stallations. It has not been used in 
marine service, because the fuels com- 
monly used have not deteriorated to the 
point where this type of atomizer is 
mandatory. Should such deterioration 
develop, or should the use of “sus- 
pended” or “collodial” fuels, such as 
pulverized coal and oil, become general, 
this type of atomizer may find a place 
in marine service. 


HYBRID ATOMIZERS 


Efforts to incorporate desirable fea- 
tures of both the internal-mix and 
external-mix atomizer types into a 
single atomizer have led to several 
hybrid forms as shown in Figure 22. 
Figure 22a shows a combination type 
in which initial emulsification is done 
in an internal chamber, and, upon exit 
from this chamber the emulsion is 
further subjected to the action of an 
external steam jet. While the quality 
of atomization is good, the steam con- 
sumption is high. Figure 22b shows 
an atomizer that may be classed as a 
“Shear-chamber” type. It has a series 
of small uniform diameter orifices ori- 
ented as the elements of a cone and 
connected to a central oil supply. Steam 
from a common source is introduced by 
a corresponding series of obliquely in- 
tersecting orifices. The steam atomizes 
the oil by shearing off successive layers 
as it is directed across the oil paths and 
deflected through the discharge orifices. 


When this design is altered by pro- 
viding a small chamber at the junction 
of each steam and oil passage, the 
atomizer is called a “jet-chamber” type. 
Figure 22c shows diagrammatically the 
oil and steam flows in such an atomizer 
sprayer head of this type. The steam 
enters the central tube and flows through 
a multitude of small orifices located 
around the chamber. Each of these 
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Figure 22, SCHEMATIC ARRANGEMENT OF 

WYBRID TYPE STEAM ATOMIZERS . (@) 

ComMBINATION INTERNAL AND EXTERNAL Mix, 

© SHEAR CHAMBER TYPE,.(C) JET CHAMBER 7 
YPE. 


orifices enters a sudden enlargement 
forming a chamber in which the oil is 
introduced obliquely. Although the pri- 
mary atomizing action is still one of 
shearing, the chamber provides a re- 
duced velocity section and facilitates 
limited additional oil preheating and 
emulsification prior to discharge. Under 


325 


| 
9 
99° 
! 
9 Oo 
oO ro) 9 
| 
3 


STEAM OIL ATOMIZERS 


FiguREZ3 D\AGRAM OF AND STEAM FLOW 
IN ATOMIZER AND SPRAYER PLATE OF 
Y-JET CHAMBER TYPE,WITH A RESISTOR 

IN THE O\L Flow Patu, 


the chamber velocity and pressure head, 
atomized oil, in the form of an oil-steam 
emulsion, is projected into the furnace 
to form a cone of jets. Each jet gen- 
erally becomes a part of a solid cone as 
the steam, entrained in the oil-steam 
emulsion, freely expands. This arrange- 
ment of a multitude of small jets, located 
to form the elements of a cone, presents 
a greater and a more favorable air-oil 
contact surface than is obtained with 
single large size cone sprays. 


One of the latest developments in 
steam atomizers of this type has been 
the Y-Jet Atomizer of Figure 23, so- 
called because of the shape of the oil 
and steam junction. It has shown excel- 
lent promise, particularly for ocean 
vessels, since good atomization is ob- 
tained at all rates with a maximum 
steam consumption of % to 1 percent. 
with an average of 0.7 percent at full 
load, of the boiler output. Its ability 
to provide smokeless combustion under 
all furnace conditions, coupled with its 
low steam consumption, led to its adop- 
tion on many World War II transports, 
and its installation on many postwar 


modern high speed tankers and pas- 
senger ships. 


This type of atomizer generally oper- 
ates with low pressure oil and steam, 
and good results are obtained with oil 
pressures of less than 100 p.s.i. This is 
because the oil pressure is not required 
for atomization, but only to deliver oil 
in the desired quantity to the atomizing 
chamber. Capacity would ordinarily be 
expected to vary approximately as the 
square root of the pressure, but the 
effect of the steam back pressure is to 
make this variation more nearly a linear 
one. With steady oil supply pressures, 
it can be operated with oil pressures as 
low as 2 p.s.i., but to prevent loss of 
ignition due to possible pressure fluctua- 
tions, oil pressures below 10 p.s.i. are 
seldom used. Low oil pressures can be 
retained in the jet chamber by placing 
resistors ahead of the sprayer plate, 
Figure 23. These resistors consist of a 
filler plate having one or two circular 
orifices. Although serving primarily as 
a pressure reducer, they also provide 
greater operating pressure differentials, 
thus facilitating the adoption of auto- 
matic controls. 
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A proper balance between the several 
orifices and chamber sizes is essential 
in order to obtain the maximum quality 
of atomization with the minimum steam 
consumption at all operating rates. Gen- 
erally, the ratios of the steam, oil and 
jet chamber areas, which have been 
found to provide this desired balance, 
are maintained constant for all capacity 
sizes. As capacity increases, the size of 
the jet chamber is first increased, and 
then the number of chambers is in- 
creased. Capacities from 75 lb. per hr. 
for a single jet to 9000 lb. per hr. for 
a six-jet atomizer have been used. The 
optimum number of jets and the apex 
angle formed is established largely from 
experience, and the greater number of 
jets and larger apex angles are usually 
associated. with higher capacities. The 
orientation of the jets should not permit 
the oil sprays to overlap and cause 
reconsolidation of the oil droplets or 
restrict combustion air contact surface 
by precluding air from all sides of each 
jet. The importance of using the proper 
apex angle for the cone jets is shown 
in Figure 24. This figure indicates that 
for the same capacity sprayer, and with 
all other furnace conditions constant, 
the percentage of CO, for trace smoke 
was increased by enlarging the apex 
angle from 75° to 80°. Further, it is 
noted that no benefit was obtained in 
going beyond the optimum 80° angle 
to 85°. 


With this type of atomizer, total 
atomization comes from the steam and 
it is necessary to supply adequate energy 
at all times without a wasteful excess. 
It has been found that if the steam 
pressure is carried about 20 p.s.i. above 
the oil pressure, the best combustion 
conditions are obtained. This is illus- 
trated in Figure 25, which shows that 
increasing the steam-oil pressure dif- 
ferential above 20 p.s.i. produces no 
combustion improvement (all other fac- 
tors constant) and only results in an 
energy and fresh water loss. 


PERCENT CO, 
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Spray ANGLE, DEGREES 


Figure EFFEC) ur OPRAY ANGLE 
On COMBUSTION, JET CHAMBER TYPE 
ATOMIZER. 


Since this type of atomizer is pri- 
marily of the shear principle, with the 
extremely small chamber affording but 
a secondary oil preheat, it is desirable 
to preheat the supply oil to the same 
degree as is required with straight 
mechanical pressure atomizers; that is, 
to a temperature which will give a 
viscosity of 135-150 SSU. 
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FiguRE25, EFFECT OF STEAM PRESSURE ON 
ATOMIZATION AND COMBUSTION OF A Y-JET 
ATOMIZER. 
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FiguRe26Flow CHARACTERISTICS OF 
Y-JET Type STEAM ATOMIZER. 


This atomizer may be operated in two 
ways. First, the steam pressure can be 
held constant corresponding to that at 
the maximum operating rate, and the 
burner capacity changed by varying the 
oil pressure only. While this may be 
well suited for manual or simplified con- 
trol, it is much less economical than 
operating with the steam pressure ap- 
proximately 20 p.s.i. above the oil pres- 
sure throughout the entire capacity 
range. With the latter procedure, it is 
usually preferable to employ automatic 
controls. 


EFFECT OF STEAM ON 


One of the most important factors in 
the successful use of steam in oil burners 
is its catalytic effect in the oxidation 
of free carbon. When steam is brought 
in contact with carbon at high tempera- 
tures, it is broken down to hydrogen, 
and nascent oxygen which oxidizes the 
carbon to carbon monoxide and carbon 
dioxide. This is known as the “water- 
gas reaction,” and it was probably this, 


Characteristics of this type of opera- 
tion are shown in Figure 26. The steam 
consumption varies from 10/70 = .14 
Ib. steam per Ib. oil at minimum rate 
to 20/500 = .04 Ib. steam per Ib. oil at 
maximum rate, equivalent to 1 to 4% per- 
cent respectively of the steam generated. 


The favorable atomizing steam con- 
sumption of the Y-Jet atomizer as com- 
pared to an external-mix type of steam 
mechanical atomizer, Figure 13, for the 
same capacity, is clearly indicated in 
Figure 27. While the Y-Jet offers no 
additional capacity range, its steam con- 
sumption is appreciably less. 
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FiauRe27. ComPaRISON OF STEAM CONSUMPTION 
OF STEAM MECHANICAL EXTERNAL-MIX AND 
Y-JET Type STEAM ATomizeRsS 


SOOT PREVENTION 


as much as any other particular design 
feature, that was responsible for the 
early successes with burning heavy fuel 
oils. It is the high affinity of nascent 
oxygen for the free carbon present dur- 
ing stages of the combustion process, 
that makes the amount of water present 
of prime importance as a soot-preventer. 
High temperatures also are necessary 
for this breakdown and reaction, Table 
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TABLE 1* 
% 
Temp. Decom- | % H CO |% COs 
Degree F.| posed Formed | Formed | Formed 


1250 8.8 65.2 4.9 29.8 
1850 94.0 48.8 49.7 Ls 
2050 99.4 50.9 48.5 6 


1*, which indicates that water intro- 
duced, or formed, at the beginning of 
the combustion process, where it will 
be available for maximum breakdown 
and reaction with free carbon, is more 
effective than that introduced, or 
formed, in the latter parts of the com- 
bustion process. 


The water for such reaction comes 
not only from that introduced for oil 
atemization, but from the humidity of 
the air supply and from the combustion 
process itself. The purely chemical 
action of water vapor can be demon- 
strated by playing steam on a smoky 
oil lamp, or by introducing steam into 
a smoky furnace, such as to substan- 
tially eliminate any oil atomizing effects, 
and noting its smoke clearing effect. The 
use of steam jets within the furnace 
promotes mixing of the air and com- 
bustible, as well as dispersal of water 
vapor throughout the furnace. Steam 
atomizers, on the other hand, perform 
both oil atomizing and mixing in addi- 
tion to water conditioning the furnace. 


There are two prime losses accom- 
panying the use of steam for this pur- 
pose. The first, and most important, is 
the loss of % to 5 percent of the steam 
generated when steam oil atomizers are 
used, which is both a drain on the boiler 
and evaporators. The second, and of 
less importance, is the heat loss due to 
the vaporization and superheating of 
the water added. While these are plant 
or boiler efficiency losses, they may not 


appear so appreciable when considered 
in light of the increased combustion 
efficiency, increased heat transfer due 
to a clearer furnace and cleaner tube 
bank, and less frequently required soot 
blower operation. 


The increasingly poorer burning 
quality of available fuel oils, coupled 
with a marine boiler design trend 
toward highly rated small water-cooled 
furnaces, closed spaced tube banks, ex- 
tended surface auxiliary heat reclaiming 
surfaces, wide range oil burners, and 
remote automatic combustion control, is 
giving impetus to the use of steam not 
only as an atomizing agent, but as a 
furnace water conditioner. When steam 
is not an atomization requisite, injection 
of water directly into the furnace, or 
introduction into the fuel oil line, has 
also shown promise. This will eliminate 
the item of steam demand on the boiler, 
but not loss of fresh water. 


Another problem that the poorer 
grades of residual fuels has created, but 
which possibly may be controllable to 
some extent by steam atomization, is the 
slagging of high temperature super- 
heaters. Crude oils contain sodium, cal- 
cium, magnesium, manganese, iron, 
nickel, and vanadium salts which are 
concentrated in residual fuels after the 
refining process. The increase in super- 
heater temperatures, high firing rates, 
and closely spaced tubes employed on 
marine boilers, has created a set of con- 
ditions favorable to the accumulation of 
a hard slag containing these salts on the 
superheater tubes. The ideal solution of 
selecting fuels not susceptible to this 
slagging condition is seldom possible or 
practical, and the condition can only 
be expected to deteriorate as refining 
processes advance. Recently, on a tanker 
experiencing such difficulties when using 
straight mechanical pressure oil atom- 
izers, a considerable reduction in slag 
accumulation over an equal period of 


* Mellor’s Modern Inorganic Chemistry, 1939, Pg. 365. 
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time resulted when steam atomizers of 
the Y-jet type, Figure 23, were substi- 
tuted. Whether this was a direct result 
of an increase in the quality of atomiza- 
tion, the catalytic effect of the steam on 


THE PRESENT AND FUTURE 


The position of steam atomization 
relative to straight mechanical pressure 
atomization has been enhanced in re- 
cent years by two major factors. First, 
a gradual decrease in the burning quali- 
ties and increase in high temperature 
superheater slagging qualities of heavy 
catalytically cracked fuel oils has taken 
place. Steam atomization has demon- 
strated its ability to satisfactorily cope 
with this problem. Secondly, the pos- 
sible danger of damaging air heater and 
economizer soot fires resulting from 
mal-operation of straight mechanical 
pressure atomizers under adverse con- 
ditions, such as low port load, low fuel 
preheat and low fuel atomizing pres- 
sure, is largely eliminated by the ex- 
cellent quality of steam atomization at 
all rates. These advantages are note- 
worthy, since closely spaced, and often 
extended, surface tubes act as traps for 
soot which can subsequently become 


the combustion process, or the catalytic 
effect on the slag forming process itself, 
is not definitely known, but the cure is 
an important one which is keynoting 
further steam atomizer installations. 


OF STEAM ATOMIZATION 


ignited and cause damaging fires. 
Atomizing steam consumption is not 
exorbitant, 14 to 1 percent of the boiler 
output, and the advantages gained seem 
more than recompensable. 


The future in marine boiler design is 
toward higher steam temperatures and 
pressures for economy, smaller closely 
spaced tubes for compactness, and wider 
capacity range oil burners for complete 
and possibly remote automatic opera- 
tion. Such designs are highly suscepti- 
ble to gas-side fouling ; hence, the extent 
to which this end can be eliminated 
depends entirely upon the completeness 
of combustion at all rates. Steam atom- 
ization of heavy industrial fuel oil offers 
some promise toward this end, for not 
only does it give good atomization at 
all rates, but the water thus introduced 
apparently plays an important part in 
insuring soot-free combustion by vapor 
conditioning the furnace atmosphere. 
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PRINCIPLES OF MISSILE GUIDANCE 
SYSTEMS 


ACKNOWLEDGMENT 


This article outlines the principles, problems and detailed developments in the 
field of missile guidance systems. It was published in the November 1951 issue 


of “Aero Digest.” 


Every major executive in the De- 
partment of Defense, be he civilian or 
military officer, has repeatedly stated 
publicly that missile guidance and con- 
trol is the major stumbling block to the 
immediate achievement of push-button 
weapons. 


Our purpose here is to explore the 
very widespread question: “What is 
there to the missile guidance problem 
that makes it so difficult ?” 


Investigation reveals that in few 
fields of technical endeavor is there so 
much lay misunderstanding. The sim- 
ple word “missile” has been misin- 
terpreted to mean the equivalent of 
“airplane” or “battleship” as simply 
another unit in this nation’s arsenal. 
The truth of the matter is that this 
simple word actually represents not only 
a whole new array of weapons but an 
entirely new concept in warfare which 
will ultimately completely replace the 
airplane and the battleship if not armies 
themselves. It is not a difficulty with 
the electronic circuits for guiding a 
missile that is delaying progress, it is 
investigation and understanding of a 
whole new area in human thinking on 
warfare. 


The major culprit in this public mis- 
understanding is official secrecy and the 
current security status of even the outer- 
most fringe of this nation’s guided mis- 
sile program matches fully that of the 
wartime Manhattan Project. It is se- 
crecy that inherently prevents under- 
standing so that there can be no public 
sympathy for our guided missile pro- 
gram until World War III begins. 


But principles are never military se- 
crets; they are known to the Russian 
scientists as well as to our own, they 
are public property since time immemo- 
rial and always will be. Our purpose 
here, then, is to outline these principles 
and, by so doing, reflect something of 
the magnitude and complexity of the 
problem. 


Since V-J Day, there has evolved in 
the Department of Defense the concept 
of the “weapons system” as distinct 
from pure weapons development. The 
Air Force, Army Ordnance Department 
and Navy Bureau of Ordnance, acting 
jointly through the Research and Devel- 
opment Board, are no longer concerned 
simply with the invention, development 
and production of new weapons per se 
but rather with the creation of weapons 
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TABLE 1 
TYPES OF GUIDED MISSILES 


AAM—Air-to-Air Missile (used by one aircraft in attack on another) 
ASM—Air-to-Surface Missile (powered, guided aircraft bomb) 


AUM—Air-to-Underwater Missile (powered, guided aircraft bomb used in Anti- 
Submarine Warfare) 


SAM-—Surface-to-Air Missile (anti-aircraft) 


SS M—Surface-to-Surface Missile (artillery type, short-range types are tactical 
missiles, long-range types strategic missiles) 


SUM—Surface-to-Underwater Missile (high-velocity, homing depth charge) 

UAM—Underwater-to-Air Missile (anti-aircraft from submerged submarine) 

USM—Underwater-to-Surface Missile (conventional torpedo) 

A—Air; S—Surface; U—Underwater; M—Missile; A—Air Force; G—Army; 
N—Navy. 

Example: SSM-A-3b, Surface-to-Surface Missile, Air Force, Third Model, 


Second Modification. 


complexes in which a vast array of ele- 
ments are teamed together to work as a 
unit. In the classic case of an attacking 
enemy A-bomber, the separate elements 
of early warning, intercepter dispatch, 
bomber tracking, interceptor vectoring, 
missile launching, anti-aircraft gun lay- 
ing and firing and ultimate bomber 
destruction are integrated into a single 
weapons system all automatically con- 
trolled. That the early-warning radar 


artillery. While the list of such jobs 
would require hundreds of pages, logical 
definition of the types of jobs to be 
done in battle has reduced this list to 
only eight functions, as shown in Table 
I. But within each of these functions 
lies a panoply of missiles ranging the 
gamut of human technical ingenuity 
in their type of propulsion, basic func- 
tion, size, performance and general ar- 
rangement. 


may be located on a picket ship oper- The process of evaluation alone taxes ] 
ated by the Navy, the interceptor belong the human capacity and yet even these I 
to the Air Force and the anti-aircraft fantastic figures are multiplied into the I 
guns owned by the Army, is the essen- hundreds of thousands when the more t 
tial necessity for an integrated armed detailed aerodynamic and_ electronic tl 
forces: it created a single Department problems of guidance are explored. n 
of Defense and is not a product of it. It is for this reason that the missile d 

Within these weapons systems lies a is far more a development problem than b 
seemingly endless range of jobs for the a basic research problem. As a conse- b 
missile and the foreseeable goal is the quence, great emphasis has been placed ° 
availability of a missile for every com- in the program on missile proving th 
bat job, bar none. Thus the missile is grounds and test programs, for the ulti- 
being called upon to absorb the limitless mate performance of a missile depends Gi 
array of combat articles previously re- substantially on the extent to which all a 
quiring the services of the fighter and of its various elements have become com- m: 
the bomber, the battleship and the sub- patible with each other, rather than how H 
marine, the infantry soldier and the well each element performs unto itself. eq: 
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If we assume that an enemy bomber 
is traveling at 600 mph. at 45,000 ft., 
in the 15 sec. required for the missile 
to reach that altitude, the bomber will 
have covered 13,200 ft., or 2% miles. 
During that 15 sec. the bomber pilot 
will have to keep the bomber exactly on 
course with an accuracy of one part in 
10,000—obviously extremely unlikely. 
If the bomber deviates from its course 
by only one-half degree, the conven- 
tional preset missile will miss it by 
106 ft. It is clear that if interception 
is to occur, some method of re-directing 
the missile after launching is essential. 


The simplest system of control is 
Command Guidance, in which signals 
from the ground are transmitted to the 
missile in flight. In this weapons sys- 
tem, the enemy bomber and the missile 
are continuously tracked by radar; 
changes in the bomber’s course are 
detected and the variation in the mis- 
sile flight path to a new line of inter- 
section is automatically computed and 
radio signals are transmitted to the mis- 
sile which move its controls to bring it 
to the new collision course. This may 
have to occur a number of times in the 
15-sec. flight, reflecting the absolute 
necessity for very fast-acting equipment. 


Next most complicated system is the 
Way-Following Guidance, or “Beam 
Rider” system. In this system, a radar 
beam is transmitted continuously at the 
bomber and equipment is contained in 
the missile which enables it to follow 
this beam to the target. This equipment 
not only detects when the missile is 
directly on the beam (which, itself, will 
be continuously moving with the 
bomber) but, also the direction and 
magnitude of its error when it is off 
the beam. 


Further complicated is the Homing 
Guidance system in which the missile 
“homes” on the bomber. This system 
may take a variety of forms. In Active 
Homing systems, all of the necessary 
equipment is contained within the mis- 


Two systems are shown: top shows 
missile illuminating and seeking tar- 
get; below is method of ground il- 
lumination of target for seeking missile 


sile: i.e., it transmits a radar signal to 
the bomber, receives the reflected sig- 
nal which is used to actuate the missile 
control system. In Passive Homing sys- 
tems, the missile receives radiations 
emanating from the target. A further 
type is the Semi-Active Homing sys- 
tem in which the radar signal is sent 
from the ground (or a friendly air- 
plane) and only the reflected signal is 
received in the missile, which adjusts 
its course thereby. 


With these three basic systems of 
guidance established, it is possible to 
examine each in detail to establish 
individual design requirements. The 
guidance system must work in complete 
harmony with the stability and control 
characteristics of the missile and these 
two characteristics are inseparable. 


It was stated previously that the 
guidance system must be quick-acting. 
This is comparatively simple to attain. 
But after the required corrective signal 
has been obtained from the guidance 
system, it must be used to actuate a con- 
trol surface and the missile deviate from 
its course. As is well known in piloted 
aircraft work, movement of a control 
surface immediately creates an oscilla- 
tion in which the axis of the aircraft 
swings past the desired course in both 
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directions until the oscillation is damped 
out by the stability characteristics of the 
design. The rate and amplitude of these 
oscillations, while predictable in the de- 
sign stage, varies with such minor con- 
siderations as manufacturing techniques, 
the center-of-gravity of the model 
(which is constantly shifting due to 
propellant burning), and even atmos- 
pheric conditions (temperature, pressure 
and density). Since tactical missiles will 
never be fired straight up, even sleek, 
wingless missiles will develop lift and 
their weight components will be inclined 
at progressively changing angles, both 
requiring corrective action from an auto- 
matic stabilizing system quite apart 
from the guidance system. 


In conventional automatic stabilizing 
systems, use is made of synchros, a gen- 
eral term for such familiar synchronous 
devices as the Autosyn, Selsyn, motor 
torque generator, mag-slip and Siemens. 
These are single-phase, alternating cur- 
rent machines usually comprising a two- 
pole, single-phase rotor field and a Y- 
wound, single-phase, variable-voltage 
stator. The transmitting unit, whose 
rotor is actuated by some item of me- 
chanical equipment, is called the gener- 
ator and the receiving or “slave” unit, 
called the indicator, has a motor that is 
free to rotate and which is damped to 
prevent excessive oscillation before com- 
ing into correspondence with the rotor 
of the transmitter. Such synchro sys- 
tems work only with the scalar quantity 
of the signal. When the signal must be 
amplified, the amount of the error meas- 
ured and very rapid response is re- 
quired, use must be made of a servo- 
mechanism. 


The basic elements of a servomechan- 
ism (as distinguished from a synchro) 
include a feedback control system in 
which the difference between a refer- 
ence input and some function of a con- 
trolled variable is used to supply an error 
signal to the control system. This error 
signal is amplified and is used to reduce 


to zero the difference between the refer- 
ence input and the controlled variable. 
Since an exterior power source is: used 
for amplification, such systems contain 
the possibility of self-excited oscillations 
or instability, and this is the heart of 
the servomechanism design problem. 


In the case of our Surface-to-Air mis- 
sile, let us suppose that for an instant 
it is disturbed from its flight path by a 
gust. The motion of the missile about 
its gyro will create an error signal, 
which is amplified and carried to its 
control surface actuating motor. This 
motor operates the surface, the position 
of which is constantly fed back into the 
controller. Rotation of the control sur- 
face (and the consequent return of the 
missile to its course) reduces the error 
signal from the gyro, which in turn 
reduces rotation of the control surface 
until the error signal vanishes and tho 
system is returned to normal. When a 
signal from the ground is received, this 
is fed in as the new reference input and 
an error signal is generated, with the 
system functioning as outlined above. 


It is a fundamental that the servo- 
mechanism is the product of a variety 
of factors that must be controlled and 
its design is determined by the magni- 
tude and time variation of each of these 
factors. It is the last item in the de- 
sign of a missile and can only be cre- 


This system involves automatic direction 
of the missile along surface radar beam, 
which follows target in flight 
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ated after complete information has 
been obtained on the variation of such 
quantities as position, speed, voltage, 
current, force and torque with time and 
with each other. Each of these is a 
physical fact that exists regardless of 
the mathematical theories used and it 
is the problem of the mathematician to 
express these variations in formula, and 
thus the time-taking nature of servo- 
mechanism design. These quantities are 
usually complex and contain both real 
and imaginary parts. However, they 
may be plotted on three forms: the 
familiar rectangular or Cartesian co- 
ordinates, polar or exponential. The 
mathematics of servomechanism design, 
then, is the science of manipulating 
complex quantities. 


Despite the variation in each of these 
quantities, it has been shown (Ref. 1) 
that the dynamic characteristics of any 
control system element may be expressed 
by a Transfer Function and the Laplace 
transform used in which the output 
ratio is determined assuming all the ini- 
tial values are zero. This relationship 
can be expressed 

O (s) = G(s) I (s) (1) 
in which: O (s), Laplace transform of 
the output; G(s), the transfer func- 
tion; and I (s), Laplace transform of 
the input. This may, of course, be 
written 


O (s) 
T(s) (2) 


thereby defining the transfer function 
as the ratio of the output and input 
Laplace transforms. 


Gis; = 


In the past few years the transfer 
functions for virtually the whole range 
of variable mechanical actions have been 
developed and are already tabulated for 
servomechanism design purposes. 
Throughout these lists, it is clear that 
the physics of the individual mechan- 
ism determines its transfer function; 
whether it be a mechanical, electrical 
or hydraulic unit its action may be ex- 
pressed by such a function. 


From these lists it is possible to select 
a number of units which, although of 
widely varying physical nature, have 
quite similar transfer functions. Thus, 
when such a family of units is assem- 
bled, the servomechanism design prob- 
lem is greatly simplified at the start. 
Proceeding from this initial tentative 
selection of components the next prob- 
lem is to select one of the three pos- 
sible types of control systems: (1) those 
in which a constant value for the con- 
trolled variable requires a constant ac- 
tuating error signal, (2) those in which 
a constant rate-of-change of the con- 
trolled variable requires a constant 
actuating error signal, and (3) those 
in which a constant acceleration of the 
controlled variable requires a constant 
actuating error signal. 


Fig. 1 is a schematic diagram of a 
representative feedback control system. 
The “desired value, v” is that value it 
is desired that the control system pro- 
duce. The “reference input, r” may or 
may not be the same as the desired 
value due to the former’s presence in 
the system. At the far right of the 
diagram the “indirectly controlled quan- 
tity, q”’ is the actual quantity that the 
system produces. The “controlled vari- 
able, c” is the output of the controlled 
system and is the quantity used to com- 
pare with the reference input. The 
“feedback, b” is obtained from the con- 
trolled variable but may vary from it 
due to feedback element characteristics. 
The “actuating error, e” is a signal 
proportional to the difference between 
the reference input and the feedback 
and comprises a signal to the control 
elements and the controlled system so 
as to actuate the controlled variable. 
The “manipulated variable, m” is ob- 
tained from the control elements and 
manipulates the control of the controlled 
system. The “disturbance function, u” 
is any undesired input to the system 
that affects the value of the controlled 
variable. 
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Fig. | Schematic diagram of representative feedback control system 
shows variety of elements needed to accomplish accurate control 


The advantages of the feedback sys- 
tem can be seen in a comparison of its 
accuracy with a system without feed- 
back, or an open-loop system. In the 
latter system, the controlled variable, C, 
is equal to the product of the transfer 
function, G, and the reference input R, 
thusly 

Cc = GR (3) 
which is a specific form of the general 
form of Eq. (1). Differentiation of 
Eq. (3) gives 


d[C] = R d[G] (4) 
Dividing Eq. (4) by Eq. (3) produces 
_ d[G] 


Examination of Eq. (5) shows that 
a change in C is directly proportional 
to the change in G. The physical sig- 
nificance of this relationship is that the 
accuracy of the system is not any better 
than the accuracy of the controlled 
quantity. Thus, for the precise control 
necessary for the attainment of an ac- 
curacy of one percent or better, the 
variation in the transfer function can- 
not exceed one percent. 


In contrast with this open-loop sys- 
tem, however, is the feedback system in 


MAM PULATED 
«VARIABLE, 


which two transfer functions are pres- 
ent, one for the control system and one 
for the feedback circuit. Such a system 
may be expressed 


C = G (R—HC) (6) 
in which: H, transfer function of the 
feedback circuit. Eq. (6) may be solved 


for C as 
G 
c= (7H) ® (7) 


Now, differentiating Eq. (7) and as- 
suming that R and H are constants, 
gives 

(G)R 
(1 + GH)? 


Combining Eqs. (7) and (8) provides 


4 
atc) 


Study of Eq. (9) shows clearly that 
a change in the transfer function of the 
control system is equal to the percent 
change in the transfer function times 
the factor in parentheses. It is this 
factor that comprises the difference be- 
tween Eqs. (5) and (9) and shows the 
greatly improved accuracy of the feed- 
back system. The term GH is usually 
large, which reduces the parenthetical 
factor to a fractional amount. For ex- 


= 
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ample, assume that H is equal to 1.0 
and G is equal to 100. A change of 
10 percent in the control system trans- 
fer function would produce a change 
of less than 0.1 percent in the controlled 
variable. 


The accuracy and stability of a servo- 
mechanism system are mutually incom- 
patible. Since increased accuracy re- 
quires response to smaller error signals, 
these must be amplified to increasing 
values. This signal amplification intro- 
duces delays in response time and thus 
introduces instability into the system 
which permits oscillations to build up 
to violent proportions in an extremely 
short period of time. Time delay can 
be reduced or eliminated by so-called 
“anticipatory” circuits, but these intro- 
duce additional complexities that must 
be weighed carefully against the im- 
proved accuracy resulting from their 
use. 


Much of servomechanism design work 
is contained in studies of various pro- 
posed systems for stability. One of the 
methods employed is to locate by ana- 
lytical or graphical means the actual 
position on the complex plane of each 
of the roots of the characteristic equa- 
tion of the system. This is an extremely 
laborious method and the time required 
restricts its use to units having simple 
equations. A faster method is the use of 
Routh’s Stability Criterion (Ref. 2), 
which involves only a simple algebraic 
process in its application to the co- 
efficients of the characteristic equation 
of the system. 


The most popular and widespread 
system of stability analysis at present 
is the use of Nyquist’s criterion (Ref. 
3) on a graphical plot of the open-loop 
response of the system as a function of 
frequency for a sinusoidal driving func- 
tion. Nyquist determined that when 
the feedback signal is equal in magni- 
tude and phase to the actuating signal 
instability will result. 


Ground radar tracks missile and target 
in flight, computes collision course and 
transmits radio corrections to missile 


The design of a servomechanism sys- 
tem may begin with the use of a “‘step” 
input, in which the voltage, for exam- 
ple, is zero and is instantaneously 
raised to a value of unity where it re- 
mains. The response of the system to 
this step input is then determined by 
use of the Duhamel integral. This 
rather crude method is effective for the 
analysis of “bang-bang” control systems 
and is useful as a preliminary check on 
a proposed design. It is inconvenient 
for detailed system analysis, however, 
since it requires calculation of the roots 
of the operational expressions. This 
steady-state analysis does not accurately 
interpret the dynamic functioning of the 
system. An approach to this problem 
is the use of a sinusoidal input to the 
system, which has the advantage of 
roughly approximating the dynamic 
characteristics of the system while re- 
taining the simplicity of linearized 
equations. With a sinusoidal input, the 
output will be sinusoidal of the same 
frequency, although the amplitude and 
phase will be different. These latter two 
qualities are easily calculated, however. 
The Nyquist criterion may be used to 
test the system for stability and the 
graphs prepared for the test used to 
detect needed changes in the system. 


These steady-state analyses, however, 
still do not accurately predict the dy- 
namic response of the system and con- 
siderable effort has been made to reduce 
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the enormous amount of work. required 
for complete transient performance 
analysis of a servomechanism system. 
The general approach to this problem 
is to use the Laplace transformation and 
the enormous amount of labor involved 
has been substantially reduced by the 
use of simulators and differential analy- 
zers. 


Another approach is to determine the 
steady-state response of the system and 
then to determine some correlation be- 
tween this and the transient perform- 
ance of the system. Such a method has 
been developed in Reference 4 and was 
derived from the inverse Laplace trans- 
formation. Simplest method presently 
available is the use of a series of charts 
which require no detailed calculations 
(Ref. 5). These charts relate the open- 
loop attenuation-frequency characteris- 
tics and the closed-loop response to 
either a sinusoidal input signal or to 
aninput that is a step input of position. 


Despite the rigorous mathematical 
methods now available for the theoreti- 
cal design of servomechanisms, the pres- 
ence of unwanted signals in the system 
destroys the classic linearities of the as- 
sumptions and renders the problem a 
purely experimental and developmental 
one. For example, amplifiers have finite 
capacities and when these are reached 
an increase in the input produces no 
change in the output and the amplifier 
is saturated. Actuators and power sup- 
plies are of limited power capacity and 
also can become saturated. 


Further, they are subject to inherent 
nonlinearities, particularly hydraulic 
and pneumatic actuators, grab clutches 
and split field, series-wound electric 
motors. Backlash produces oscillations 
in a system which depend upon the 
servo loop gain, mechanical friction 
and material resilience. On-off signals 
create wide nonlinearities since they do 
not literally occur instantaneously. Most 
troublesome nonlinearity in a servo sys- 
tem is “noise,” which can come from 


an infinite number of sources which 
are difficult and often impossible to de- 
tect. It is usually assumed that this 
extraneous noise has larger high-fre- 
quency components than the true signal 
and filters which pass only low-fre- 
quency components of any signal are 
used (Ref. 6). However, this system 
loses its effectiveness when the signals 
are large and rapidly varying such as 
during synchronizing operations. 


The heart of most servomechanisms 
is the synchro motor. The set of three 
stator voltages transmitted from gene- 
rator to motor contains all of the neces- 
sary information on the position of the 
rotor in the generator. A bar of soft 
iron placed in a magnetic field tends 
to align itself parallel to the field. How- 
ever, it will have two stable positions 
180-deg. apart. ‘This is avoided by con- 
necting the rotor winding of the motor 
to an a-c line, which renders it an elec- 
tromagnet excited by alternating cur- 
rent and it is said to be polarized. Thus, 
it has only one stable position. The 
stable rotor position of the motor cor- 
responds exactly to that of the generator. 
The rotor currents are only the small 
currents needed to magnetize the units. 
Any torques developed in the two syn- 
chros under static conditions are equal 
in magnitude and opposite in direction. 


A variation of this system is the syn- 
chronous transformer, which is used 
with a synchro generator to indicate 
the difference between the angular posi- 
tions of the two shafts. The transformer 
does not exert a torque tending to align 
it with the generator but, instead, it pro- 
duces an error signal indicative of the 
difference in alignment between its 
shaft and the generator shaft. 


The differential synchro, which has a 
cylindrical instead of a_ salient-pole 
rotor, is used to measure the sum or 
the difference between the angular posi- 
tions of two input shafts. The differ- 
ential synchro may be either a differen- 
tial generator or a differential motor, 
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the latter including an inertia damper. 
The differential generator is normally 
used as an intermediate unit connecting 
the output of a synchro generator to 
the input of a synchro motor or syn- 
chronous transformer. Its purpose is 
to receive an electrical signal corres- 
ponding to a certain angular position 
of the generator, to modify this signal 
by an amount corresponding to the an- 
gular position of its own rotor and to 
transmit the modified electrical signal 
to the output synchro (Ref. 7). 


The most important a-c motor pres- 
ently used in servomechanisms is the 
two-phase induction motor. The stator 
coils are supplied with alternating cur- 
rents equal in magnitude but 90 deg. 
out of phase. Such currents are ob- 
tained either from a two-phase power 
system or from a single-phase system 
by means of a phase-shifting circuit. 
The speed at which the flux rotates is 
the synchronous speed of the motor and 
for a two-pole motor operated by 60 
cps. power, the synchronous speed is 
3600 rpm. In a four-pole machine, the 
synchronous speed from the same power 
source is 1800 rpm. The speed of rota- 
tion of an induction motor is always 
less than this synchronous speed due 
to the necessity for relative motion 
between rotor and flux in order that 
voltage be induced in the rotor winding. 
The torque of the motor is controlled 
by varying the current that can pass 
through the transformer in series with 
the motor. The secondary voltage of 
the transformer is applied between the 
plate and cathode of an amplifier tube 
in the speed amplifier. When the error 
is zero, the tube is biased beyond cutoff 
and the secondary circuit is open so 


that very little primary current can 
flow. When an error in either direc- 
tion exists, the bias voltage is changed 
and the tube is allowed to conduct. 
This conduction comprises a motor cur- 
rent, the value of which is determined 
by the error and the torque is increased 
proportionately. 


The miniaturization program on 
vacuum tubes, the use of printed cir- 
cuits and the process of “potting” com- 
plete circuit elements are well-known 
phases of the servomechanism develop- 
ment program. 


It is clear that the guided missile is 
not the single unit weapon popularly 
supposed but is, instead, virtually a 
whole new field of human endeavor. 
The majority of the problems it has 
created have no exclusive connection 
with a destructive missile but are simply 
technical progress at an accelerated pace 
along familiar electrical and mechanical 
design lines. As a consequence, impa- 
tience with this nation’s guided missile 
program is actually impatience with 
the whole gamut of technological prog- 
ress, for there is assuredly no field of 
electronic, aerodynamic or mechanical 
scientific endeavor that does not have 
applications to the guided missile de- 
velopment program. Likewise, there 
are few developments in the guided 
missile field which do not have mani- 
fold applications throughout the general 
industrial field. As such, America’s 
guided missile program is actually the 
sum total of America’s scientific prog- 
ress and, as a consequence, its pace can 
never be accurately criticized as slow. 
It is the inevitable, never-to-be-rushed 
pace of science. 
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INTRODUCTION 


The ability of the United States to 
develop and produce goods is credited 
as being our greatest asset in war. We 
Americans have brought about a revo- 
lution in warfare by our application of 
industrial potential to military needs. 
Our victories have not been won always 
by tactical superiority and some of our 
strategy may be found wanting under 
the critical eye of history. But our 
ability to produce equipment and to 
manage large supply lines has enabled 
us to apply the military principle of 
mass. This has ensured eventual success. 
Neither our enemies nor our allies seem 
to be able to imitate us successfully in 
this respect. 


American military people now ply 
their trade in the same manner as their 
brothers in industry—by mass produc- 


tion methods. Our. industrial brothers 
have the advantage as they apply these 
methods every day both in peace and 
war. A logical deduction would be that 
the industrialists may have something 
to teach military men; some of their 
theories may have purpose for the. sol- 
dier, sailor and airman. If the philosophy 
of American industrial management 
which has produced a second industrial 
revolution is sound, it can have broader 
application. 


Recently it was my good fortune while 
attending the Industrial College of the 
Armed Forces to become acquainted 
with the literature on theories and prin- 
ciples of organization as they relate to 
business and industry. I learned of such 
philosophers in this field as Frederick 
Winslow Taylor, Henri Fayol, Mary 
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Parker Follett, James D. Mooney and 
Alan C. Riley, L. Urwick and Luther 
Gulick; and from them of one military 
apostle, pleasant and readable General 
Sir Ian Hamilton. With this one ex- 
ception nothing comparable exists in 
military literature to my knowledge. 
Therefore I would like to attempt an 
interpretation of how these philosophies 
might be applied within the present 
organizational structure of our Armed 
Forces. 


I will review briefly the works of each 
of the writers mentioned and within the 
limits of my narrow experience I will 
try to show where modern industry has 
followed and has not followed their gos- 
pels. Finally I will point out where the 
Armed Forces may learn something of 
organization in their own fields from 
these teachers and from the practices in 
modern industry. 


The science of industrial management 
may be said to have had its beginning 
in the United States in the decade of 
1880 with the efforts by Taylor to in- 
crease the output of industrial workers. 
The period of his endeavor, from 1882 
to 1915, coincided with a period of rapid 
growth in American basic industries. 
This growth and the passing of the 
strong personalities who were the origi- 
nal industrial leaders required new 
orientation in management. The man- 
agement movement reached its stride in 
the decade of 1920 after the first World 
War had had a broadening effect on our 
industrial concepts. The subject of in- 
dustrial management has received the 
attention of our universities and has 
resulted in various courses and in the 
publication of numerous text books. To- 
day a knowledge of the principle of 
management is a primary requirement 
of industrial leaders. 


FREDERICK WINSLOW TAYLOR? 


Frederick Winslow Taylor is ac- 
corded the honor of being the founder of 
modern industrial management. Origi- 
nally Taylor was a foreman in the 
machine shops of the Midvale and the 
Bethlehem Steel Companies. His back- 
ground was the shop and mental ap- 
proach to the problems of organization 
and management was from that position. 
In his first work, Shop Management, he 
propounded his principle of functional 
foremanship. He contended that few 
men who had all the qualifications de- 
manded of a foreman could be found in 
the shop organization of his day. Taylor 
listed these necessary qualifications: 
brains; education; special or technical 
knowledge; tact; energy; grit; honesty ; 
judgment; common sense; and good 
health. Men who had four or five of 
these qualifications, he claimed, rarely 
were found and those with six, seven 
or eight practically non-existent. One 
of these characteristics might cancel 
another in many men. His thesis was 


that the line or military type of organ- 
ization, as he called it, should be aban- 
doned for a specialist or functional type 
and that the foreman should be relieved 
of planning and other duties more or 
less clerical in nature. In place of the 
old line foreman there would be several 
specialists or functional foremen who 
were to assist and supervise the work- 
men in the various phases of a job. 
One would lay out the work, others 
would follow it through, inspect, keep 
machines in running order and main- 
tain records. 


The benefit from Taylor’s functional 
foremanship was that it introduced 
needed specialization into the fast-grow- 
ing American industrial organization of 
the later decades of the nineteenth cen- 
tury. Its drawback was that it violated 
a cardinal principle of good manage- 
ment—centralization of control or “unity 
of command.” Most of Taylor’s system 
of shop management had disappeared by 
1920. It left many worthwhile heritages 
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among which were the repair and in- 
spection departments and the position of 
assistant foreman. Its greatest contri- 
bution to modern industrial methods is 
the planning department. 


Taylor pointed out the need for what 
he called the exception principle in man- 
agement, a term which is still in general 
use. Because of both human and time 
limitations, only summarized and com- 
parative reports should reach the execu- 


tive. Such a report should cover the 
elements of the problem, and point out 
exceptions to past averages, both good 
and bad. Industry and business have 
generally followed this exception prin- 
ciple of Taylor’s and today are decen- 
tralized much more than government or 
military organizations. Without the 
principle of decentralized responsibility, 
it is unlikely that our large corporations 
and industrial establishments could have 
reached their present size and efficiency. 


HENRI FAYOL? 


Henri Fayol, a Frenchman and a 
contemporary of Taylor, was another 
prophet of industrial management, but 
in striking contrast with his American 
counterpart. Fayol was a_ successful 
manager of a large coal and iron com- 
pany for many years. His mental ap- 
proach to the problems of organizational 
management and administration was 
from that position. His papers were 
recently translated into English but his 
tenets have been known to students of 
these subjects in the United States and 
Great Britain for many years, and they 
have been long established in industrial 
organizations in France and in the 
Latin countries. Except for papers pre- 
sented before engineering and scientific 
groups, he did most of his writing after 
he retired and only the first half of his 
primary work, Administration Indus- 
trielle et General, was completed at the 
time of his death in 1925. 


Fayol defines the functions of man- 
agement as: 


1. Foresee and Provide (Plan- 
ning)—Examining the future and 
drawing up a plan of action. 

2. Organize—Building up the dual 
structure of men and material in an 
undertaking. 


3. Command—Maintaining activity 
among the personnel. 


4. Coordinate—Binding together, 
343 


unifying and harmonizing activity 
and effort. 

5. Control—Seeing that everything 
is in conformity with the established 
rule and the expressed command. 


Fayol indicated the limitations of the 
human mind in its capacity to control 
other human beings. Another French- 
man, Graicunas, developed this, calling 
it the span of control. The latter pointed 
out that difficulties of control increase 
not directly with the number of subordi- 
nates, but in a geometric ratio of all the 
possible relations among them. Fayol 
showed that lines of authority actually 
are only the sides of an organizational 
ladder and that there are horizontal 
relationships or rungs of the ladder, 
equally important as the vertical rela- 
tionships. 


Other factors in Fayol’s thinking are 
of interest to the military man. He con- 
sidered that centralization (or decen- 
tralization) is neither good nor bad in 
itself, but depends on the circumstances 
of the situation and the ability of the 
controlling personnel. In none of his 
organization charts did he propose a 
general staff structure such as has been 
adopted from the Army by American 
business organization. Fayol realized 
the importance of nonfinancial incen- 
tives, such as we are fortunate to 
have in the armed services but which 
American business men generally have 
neglected. 
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JAMES D. MOONEY AND ALAN C. RILEY? 


James D. Mooney and Alan C. Riley, 
both American industrialists, have made 
the most synoptic presentation of the 
organization and management problem 
from the American point of view. Their 
work, Onward Industry, was first pub- 
lished in 1931 and is now out of print. 
A condensed revision was published in 
1939 under the title The Principles of 
Organization. Six printings of this have 
been issued. The latest, revised in 1947 
by Mooney who served as a Captain in 
the U. S. Navy in World War II, in- 
corporates the lessons learned during 
and since that war. Mooney and Riley 
clearly indicate the difference between 
the scalar* or line principle and the 
functional principle’. They also devel- 
oped the proper position of staff service 
with the compulsion of leaders to use 
the advice of their staffs and the corol- 
lary of the necessity for staff inde- 
pendence. 


A major contribution of Mooney and 
Riley to the study of organization is 
their excellent analysis of the historical 
examples in the ancient, medieval and 
modern worlds. Especially important is 
their examination of the general staff 
principle in Army organization and of 
the centralized organization of the 
Roman Catholic Church with its line 
and functional structure and staff or- 
ganization. They indicate how the better 
features of military and church organ- 
ization can be applied in industrial 
activities. 


The theories of administration as ex- 
pressed by Mooney and Riley, and the 
definitions of the organizational terms 
which they adopted, are difficult for the 
uninitiated to understand. Urwick, whose 
work will be discussed later, does a 
much better job in this respect. 


MARY PARKER FOLLETT® 


One of the most stimulating of the 
industrial philosophers and certainly one 
of. the most unusual was Mary Parker 
Follett. She never engaged in business 
and held only minor positions in govern- 
ment but she was nevertheless a political 
and industrial thinker of the first rank. 
Her philosophy has a_ psychological 
flavor; and while many of the theories 
which she expounded have application 
in labor-management relations and in 
government, most of them have either 
long been applied or have no place in 
military organization. 


Her philosophy is best summarized by 
the title of the book containing her col- 
lected papers: Dynamic Administration. 
The subjects of these papers, delivered 
as lectures between 1925 and 1932, indi- 


cate the scope of her thinking : “Power,” 
“Giving of Orders,” “Constructive Con- 
flict,” “The Psychology of Control,” 
“The Psychology of Conciliation and 
Arbitration,” “Leader and Expert” and 
“Indoctrination in a Planned Society.” 
Of most interest to us is her Law of the 
Situation. Miss Follett’s thesis is that in 
complex modern society it is the situa- 
tion which controls; the true leader 
responds immediately and effectively to 
that situation. Since it is the situation 
that is primary, function in organization 
is more important than position and 
authority should therefore be derived 
from function rather than position. Re- 
sponsibility should be “for” and not 
“to”: leadership should be, in so far as 
conditions permit, functional rather than 
personal. 
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L. URWICK’ AND LUTHER GULICK*S 


In addition to these earlier pioneers 
in a philosophy of organization for 
industrial endeavor, there are certain 
present-day proponents of a science of 
administration which can be equally 
applicable to business, government or 
any human enterprise. The leaders of 
this movement are Luther Gulick, an 
American authority on Public Adminis- 
tration, and L. Urwick, an English man- 
agement consultant. 


Urwick presents a better picture of the 
whole organizational problem than any 
of his teachers. In his volume, he re- 
views the various theories and includes 
a table in which he lists the principles 
as he has defined them, and parallels 
them with the applicable statements of 
the authorities. His short work is be- 
lieved to be the most comprehensive in 
the field and it is recommended that it 
be read first. 

Urwick defines the conflicting princi- 
ples confronting members of any organi- 
zation: Duty and Responsibility versus 
Power and Authority. He lists the three 
methods of organizing: 

a. By numbers or areas (unity 
method ) 

b. By steps (serial method) 

c. By types of operations (func- 
tional method). 

The unity method of organization is 
the most common and also the most 
understandable. Examples, both ancient 


‘and modern, are numerous, from the 


Laws of Moses and the Roman Legion 
to the modern nationalistic state. Army 
organization is, to a large extent, built 
upon the unity method. In the Navy 
afloat, we have our divisions, squadrons, 
wings and flotillas so organized; in the 
shore establishment, Naval Districts. 
American mass production industries, 
for the most part, are organized by the 
serial method. Examples of this type of 
organizing in the military service are 
few—but an assault amphibious opera- 
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tion is one. With organizations becom- 
ing more complicated in modern society, 
it is necessary to. go to the functional 
method more and more, but this method 
is the most difficult to define and coordi- 
nate. Under the unity and serial method 
of organizing, the limits of authority are 
usually well defined, whereas the func- 
tional method requires intervening rela- 
tionships. The type-and-task system® of 
the U. S. Navy is an excellent example 
of the use of the functional method in a 
military organization. 

Urwick outlines the various types of 
relationships that must exist in any 
complex organization. These are (a) 
line or vertical; (b) lateral or hori- 
zontal; (c) functional; and (d) staff. 
Line relationships are always formal. 
Lateral relations must be _ informal. 
Functional authority has to exist ‘side 
by side with line authority, and the 
relationships involved are usually infor- 
mal but better understanding will result 
if they can be in some measure formal- 
ized. Staff relations, in which one acts 
or directs for a superior, are most diffi- 
cult. Friction is inevitable unless staff 
relationships are formalized or explained 
caretully to all concerned. 


Luther Gulick, the present American 
exponent of the science of administra- 
tion, is primarily interested in its appli- 
cation to government; however, his 
theories on organization are equally 
applicable to industry and to the mili- 
tary. Because the words “administra- 
tion” and “management” have lost most 
of their special content, he uses a short 
title for grouping of the elements in the 
work of a chief executive. POSDCORB 
is an abbreviation for Planning, Organ- 
ization, Staffing, Directing, Coordi- 
nating, Operating, Reporting and Bud- 
geting. 

Gulick’s recent work Administrative 
Lessons of World War II should be 
read by senior officers of all the Armed 
Services. 
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THE INDUSTRIAL PHILOSOPHERS AND MODERN INDUSTRY 


It is interesting to compare the back- 
grounds and approaches of the various 
original thinkers on the subjects of 
organization and management. Taylor’s 
viewpoint was always that of the minor 
executive. He concentrated on the prac- 
ticality of the problem. Mary Follett, 
an outsider, approached it from general 
principles, whereas Fayol, the successful 
executive, indicated clearly the frame- 
work on which sound management is 
built. James D. Mooney has given us 
the viewpoint of the present day, 
whereas Ian Hamilton whose work has 
not been summarized here!® has given 
us the only classic on military adminis- 
tration. Finally, there are Urwick, the 
Englishman, and Gulick, the American, 
who endeavor to tie up all the loose 
ends and compose a science from these 
expressed principles. 


The practical and pragmatical aspects 
of these philosophies have been incor- 
porated into modern industrial methods. 
Growth and competition within industry 
have necessitated this. In the field of 
personnel relations, however, much of 
it went unheeded until the workers, 
organized into labor unions, taught in- 
dustry in bitter lessons many of the 
truths these industrial philosophers had 
expounded. 


American industry in its top organ- 
ization has been adopting more and 
more the general staff principle of the 
U. S. Army. This has been hastened 
by the contacts which industrial man- 
agement had with military officers in 
both World Wars, either within the 
services themselves or in the produc- 
tion of war materials. 


Industry adopted the exception prin- 
ciple of management outlined by Tay- 
lor, and also the workable aspects of 


his functionalism and decentralization. 
Through these, large scale decentraliza- 
tion has been possible. Functionalism 
has been accepted throughout the whole 
American economic structure as is evi- 
denced by the way sections of industry 
depend upon one another. European 
industry, on the other hand, is still a 
collection of units, following, in general, 
the precepts of Fayol. 


Realistic American business has ac- 
cepted the Law of the Situation ad- 
vanced by Mary Follett. Nowhere else 
in American life is the situation, rather 
than the personality, so much the domi- 
nating factor. Authority is diffused. 
Control is no longer in men, but. in 
methods, as is indicated by such terms 
as budget control, inventory control, and 
quality control. Coordination, both ex- 
ternal and internal, is the guiding prin- 
ciple. Even competition, fo an extent, 
has been coordinated’ and American 
business has been freed thereby from 
the strangulating effects of cartel. 


In one important respect, industry has 
not followed the teachings and warnings 
of its philosophers. It has not been able 
to police itself. It has failed to include 
a component in its organization similar 
to the judiciary in civil government. 
Mooney points out that the ancient man, 
especially the Roman, was able to incor- 
porate the executive and judicial func- 
tions within the same person. Western 
man has not done this; the judge has 
always been separated from the execu- 
tive. Modern industry, with its early 
laissez-faire, and later rapid expansion, 
developed the executive function to a 
marked degree but ignored the judicial 
function. As a result, government with 
its regulations and the worker with his 
labor unions, have moved into this void. 


346 


n= 


| 


INDUSTRIAL MANAGEMENT 


we APPLICATIONS OF PRINCIPLES OF INDUSTRIAL MANAGEMENT 
et TO MILITARY ORGANIZATIONS 


Industry has learned much about or- 
ganization from the military. Prior to 
the development of modern industry, 
military and naval units were the only 
large secular organizations devoted to 
a single purpose. Many of Urwick’s and 
Mooney’s precepts are based on military 
examples. It may be opportune now for 
industry to repay this debt by offering 
the military some of its own tested prin- 
ciples. Our industrial potential is our 
greatest military asset. In World War 
II, the output of our mass production 
techniques literally smothered the ene- 
mies on every front. Military and naval 
organizations in themselves have become 
mass production complexes, products of 
our industrial capacity. Senior officers 
controlling such complexes have had to 
become more managers than com- 
manders. The Services have become 
more unified, ‘not through the force of 
law but because the complexities of 
modern warfare has forced it upon them. 
Things have to get done as much by 
mutual cooperation as by order. Inte- 
grated units such as ships and infantry 
companies are swallowed up in larger 
and highly complicated organizations. 
Functionalism and specialization have 
had to be accepted, and cooperation and 
coordination no longer can be formalized 
within a tight command structure. 


Industry has one advantage not avail- 
able to the military. An industrial or- 
ganization is daily performing the func- 
tion for which it was founded and the 
soundness of its organization policy is 
being tested constantly. Mary Follett’s 
Law of the Situation is hovering over 
American business and industry every 
day. On the other hand the soundess of 
any military concept or organizational 
principle can only be given its final test 
in war. The hardest job that a military 
officer has in peacetime is to remain 
realistic and not let himself fall into a 
subjective viewpoint on any problem. 


He should always pay heed to the 
“devil’s advocate” either within or with- 
out his Service. He should constantly 
be looking for some base line with 
which to compare his position. Modern 
American industry offers to the military 
officer such an opportunity. 


The writer, being a Naval officer, can 
only express a circumferential view with 
respect to the Army organization. He 
must be careful of his criticism and the 
comments herein are offered here for 
whatever the reader may think they are 
worth. The Army has good line and 
staff principles and proper staff proce- 
dures generally are recognized by Army 
Commanders—a condition that is not 
always found in the Navy. As stated 
heretofore, industry has copied many of 
these principles and has had success in 
their application. The Navy has done 
so only grudgingly. On the other hand, 
the organization of the Army to a Naval 
officer, does not seem to be sufficiently 
flexible. Functions are compartmented 
into formal branches and the rigid struc- 
tures of the General Staff is adhered to 
with almost religious fervor. The Army 
Service Force and the Operations and 
Planning Division in the Office of the 
Chief of Staff, institutions adopted dur- 
ing World War II, are now gone and 
the Department of the Army is again 
back to its old four sections in the 
General Staff. The term general staff 
through over-use, has lost its meaning 
while the General Staff itself has grown 
to such an unwieldy extent that each 
section needs a staff of its own—or- 
ganized of course on the four-section 
basis. American business had_ better 
guard against allowing the line and staff 
principle of organization to become an 
end in itself. 


The Air Force presently seems to be 
in an organizational dilemma. For a 
highly mobile force, operating in a most 
fluid medium, it has inherited the tight 
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command structure of the topography- 
bound Army. It appears that the Air 
Force could apply the Navy’s type and 
task force system! and its concept of 
operational and administrative control. 
Operational mobility and administrative 
supervision could be maintained thereby 
without the frequent reorganization or 
changes in assignments. which, is 
plaguing the Air Force today. 


Unlike the Department of the Army 
which has gone through several major 
reorganizations during the past fifty 
years, the present-day organization of 
the Navy Department is the result of 
empirical change and growth, with in- 
creased stimulus during war. It may 
need. pruning but the primary lesson in 
organizational methods that the Navy 
can learn from the industrial philoso- 
phers, from American industry and 
from its sister service, is a better under- 
standing and acceptance of functional 
and staff principles. 
officers were brought up in an organiza- 
tion composed of a relatively small 
number of highly integrated ships, re- 
sponding promptly to the will of their 
commanders. New naval units are 
numerous and naval organization has 
become complex. Large staffs are neces- 
sary to assist the commanders. Func- 
tional as well as command responsibility 
have to be adopted. Recently, senior 
naval officers recommended against for- 
mal adoption of the general staff system 
within the Navy, although there has 
been a gradual growth of such a system 
since the establishment of the Office of 
the Chief of Naval Operations in 1915. 


Most senior naval 


The Navy type-task system is an 
excellent demonstration of military func- 
tionalism?*, There is a considerable 
amount of functionalism within a man- 
of-war but it has been the product of 
such slow growth that it is hardly 
recognizable. Despite the above, the 
problem of integrating functional con- 
trol with line command is little under- 
stood and grudgingly accepted in the 
Navy, especially by the non-specialist 
line officer. Nevertheless, functionalism 
has made great strides within the Navy. 
Naval aviation was the first great func- 
tional movement that penetrated the 
entire naval establishment. There has 
been increased emphasis on specializa- 
tion in the officer grades and the dif- 
ference between staff corps tend to be- 
come more functional than professional. 
Within the line, there are now engineer- 
ing duty, special duty and limited duty 
officers. The new functionalism is also 
evident in amphibious operations, in the 
naval supply organization and in naval 
base development. 


The Navy has yet to adopt formally 
such fundamental organizational tenets 
as the. span of control of Fayol, or the 
exception principle advocated by Taylor. 
Trained in ships whose organizational 
development has been going on for cen- 
turies, many naval officers believe in 
maintaining the same measure of con- 
trol in the more loosely organized 
groups which comprise the Navy today. 
Successful Captains sometimes have 
been found wanting in the Flag Rank, 
probably for this reason. 


CONCLUSION 


This all leads to the conjecture that 
command is becoming something of an 
anachronism in complex modern mili- 
tary organizations. The executive func- 
tion now is more that of a manager than 
a commander. The Navy has recognized 


command limitations by dividing it into 
operational and administrative control 
with respect to the Operating Forces 
and by establishing command . com- 
ponents as outlined in General Order 
Number 19 within the Shore Establish. 
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ment. Many of the Air Force’s present is relatively little direct command exer- 
organizational troubles may be due to its cised anywhere except in the actual 
use of a too rigid command structure. combat area. Much as we hate to admit 
The Army still applies the title “Com- it, military officers manage these days 
mand” to administrative units but there rather than command. 
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ADVANCES IN AIRCRAFT 
STRUCTURAL DESIGN 


ACKNOWLEDGMENT 


This is an abridged version of a paper presented by Mr. G. T. R. Hit at the 
third Anglo-American Aeronautical Conference on September 4, 1951. It is 
reprinted from “Engineering” for October 26, 1951. 


To keep this paper within reasonable 
limits, there are many aspects of struc- 
tural development which have been 
omitted; for example, the technique of 
full-scale and model testing, dynamic 
loading, fatigue and temperature effects 
on the strength of materials, shear lag, 
the effect of cutouts, and diffusion 
problems. 


The Wright brothers achieved suc- 
cess in powered flight firstly by their 
experiments from which they found 
that they could get enough lift ; secondly, 
they grappled successfully with the prob- 
lem of providing quick-acting and power- 
ful controls; thirdly, they built a rea- 
sonably satisfactory structure; fourthly, 
they produced a propulsive system light 
and efficient enough to get themselves 
off the ground. Their success in achiev- 
ing fully controlled flight with a human 
pilot inspired most of the aeronautical 
world to develop along the lines into 
which their own design had settled 
down. Wood was the material chiefly 
used, and high-tensile steel wire was 
available for the tension members. These 
early structures were relatively large 
with very light loads upon them, and 
the low density and high specific 
strength of wood were just what was 


wanted. Bamboo was often favored for 
struts owing to its natural tubular shape 
with stiffening diaphragms at suitable 
intervals. _ Fittings were commonly 
made of mild-steel sheet. and string 
and glue were often used to prevent 
the wooden members from splitting. 
Fabric of various kinds covered the 
wing surfaces; waterproof paper was 
not unknown as a wing covering, its 
virtue being eloquently expressed in one 
of the early Avro catalogues in these 
words, “True it is cheap, but then it 
is easily repaired.” 


In the early years of the century, 
Trance was the center of the most ac- 
tive development with biplane design 
led by the Farman brothers and Voisin, 
and monoplane design led by Blériot. 
These monoplanes were all fitted with 
external bracing wires, as fitted half a 
century before by Henson, and it be- 
came clear that it was more difficult 
to design a light monoplane structure. 
Some of the Blériot designs were loaded 
to over 4 lb. per square foot, whereas 
the corresponding figure for biplanes was 
below 3 Ib. per square foot. The rea- 
son was that the wing structure must 
be capable of carrying down loads as 
well as up loads. With a wire-braced 
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structure, such as that used on the early 
monoplane wings, this results in a depth 
of girder to carry the lift loads equal 
to the spacing between the lift-wire 
attachments and the main spars, on top 
of which must be placed the girder ot 
a depth sufficient to carry the. anti-lift 
wires; there was a tendency to econo- 
mize in the depth of the monoplane 
structure, which resulted in higher ten- 
sion and compression in the members, 
and consequently a heavier structure. 


By about 1913, there was a growing 
number of fatalities due to the “struc- 
tural collapse of many monoplanes; in 
many cases there was evidence that the 
wings collapsed downwards. The War 
Office, the chief buyer in this country, 
lost confidence in the monoplane as a 
type. This had a profound influence on 
the trend of design in Great Britain, 
which was one of the last of the great 
designing countries in the world to 
abandon the biplane type. If a saving 
in height between the points of attach- 
ment of the lift wires and the anti-lift 
wires had to be made, it seemed com- 
mon sense to effect most of the saving 
on the “cabane” carrying anti-lift wires, 
because it was felt that these wires did 
not really do much except hold the 
wings up when the aircraft was on the 
ground. In many designs, therefore, 
the angle of the anti-lift wires was very 
flat. With the highly cambered wings 
in use in those days, the moment due 
to camber was relatively large, so that, 
under a down gust, the wing structure 
would twist sufficiently to produce a 
further downward load, and so on until 
disaster supervened; nowadays, this is 
described as “divergence.” 


Increasing engine reliability and the 
introduction of multi-engined aircraft 
reduced the frequency of forced land- 
ings, with the result that wing loadings 
experienced a steady increase, and it 
became economical to use metal to re- 
place heavily loaded wooden members ; 
steel-tube fuselages, the forward ends 
containing , the ,engine and crew, came 


into wide use before the First World 
War. Aluminum was still confined to 
structurally unimportant parts, such as 
fairings and cowling panels over the 
engine. At that time, fabric seemed an 
excellent material for producing wing 
shape of the right contour, both from 
the point of view of air flow and for 
transferring air loads on to the primary 
wing structure. However, with increas- 
ing air speeds and higher wing load- 
ings, fabric’ failures began to occur in 
the air. One of the earliest attempts to 
provide a metal skin was made by 
Junkers, in Germany, who experimented 
with a highly corrugated steel skin 
which was only a few thousandths of an 
inch thick. With the coming of suitable 
alloys of aluminum, the smooth skin 
covering of today came into almost 
universal use. 


The Short Silver Streak of 1921 was 
the earliest example in Great Britain, 
and, it is believed, in the world, of the 
completely all-metal structure; the spars 
were of tubular steel and the wing skin 
was non-structural. Junkers built a 
number of aircraft in which the alu- 
minum skin was corrugated in the line 
of flight, and was thus an effective 
equivalent of all the rib flanges. Run- 
ning the corrugations lengthwise was 
not directly admissible, for obvious 
aerodynamic reasons, but with frequent 
internal longitudinal stringers a com- 
parable result was obtained. The Jun- 
kers corrugated skin was applied to the 
fuselage covering as well as to the 
wings, which were of the multi-spar 
type, fully cantilevered; the spar booms 
were tubular, with lattice bracing be- 
tween top and bottom booms. 


Fabric stitched on ribs had many ad- 
vantages ; although the ribs underneath 
caused noticeable ridges, they were 
along wind, and with care in design and 
construction the sections downwind of 
a fabric-covered wing were quite good. 
In the ingenious “geodetic” construc- 
tion due to Wallis, the members sup- 
porting the fabric all ran diagonally; 
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the aerodynamic loss was tolerable at 
the cruising speeds, below 200 knots, of 
the Wellington, which was largely used 
during the Second World War. As soon 
as fabric was abandoned, the difficulty 
of producing a surface free from wavi- 
ness along the wind direction had to 
be faced. 


The earliest use of sandwich con- 
struction, in which an inner and outer 
strong skin are stabilized by a very light 
core which spaces the skins well apart 
and increases the stiffness of the panel, is 
believed to be in 1925 on the author's 
Pterodactyl Mark I. In this a special 
Y-in. plywood was constructed of out- 
side birch veneers 1400 in. thick; with 
a balsa core 40 in. thick; this was used 
on the sides of the fuselage. Much later 
the technique was widely adopted, 
notably in the de Havilland Mosquito. 
Whether it is possible to adapt this 
technique to metal construction is a 
question as yet unanswered. 


With increasing demands for tor- 
sional stiffness, thicker sheeting can be 
used at the top and bottom surfaces of 
wings, where there is a large concen- 
tration .of load; the stringer spacing 
may become very close, and serious at- 
tention is being given to extruding skin 
panels with integral stringers. When 
skins are thick enough to be extruded, 
as in many designs today, the idea of 
machining them so as to be smooth 
enough to ensure laminar flow is at- 
tractive. Smoothness requirements with 
limitations on waviness measured in 
thousandths of an inch, are apparently 
almost impossible to achieve. On a 
small scale a suitable surface has been 
produced, but only as a result of many 
weeks of hard work on a few square 
feet. The dividends in speed and range 
for getting a really smooth surface, 
however, are greater than any other 


gains which the structural engineer has 
in sight; reinforced plastic construction 
offers attractive possibilities. 


It is by no means always true that 
the design of an aircraft with a lower 
structure weight percentage is better 
than that of a rival aircraft with a 
higher value, particularly on long-range 
aircraft, where the percentage fuel 
weight is high. Compare two aircraft 
designed for the same duty with differ- 
ent spans: normally, the large-span air- 
craft wing would be heavier than that 
with the small span, but owing to the 
reduction of induced drag with span, the 
fuel load for a given range would be 
less, and it might well be that the all- 
up weight of the large-span aircrait 
would be less. 


The square-cube law states that for 
geometrically-similar aircraft with con- 
stant wing-loading and factors of load 
and safety, the wing area, and therefore 
the all-up weight, increases with the 
square of the linear dimension while 
the structure weight increases with the 
cube ; therefore the structure weight per- 
centage must increase with size. If 
true, this puts a definite limit on size 
if any useful load at all is to be car- 
ried. In the early days, an aircraft 
weighing 5 tons was estimated by one 
well-known authority to be the biggest 
that could just leave the ground, carry- 
ing no useful load at all. Nowadays it 
has become clear that other factors of 
comparable importance were neglected 
by the weight estimators of old. Only 
an unexpectedly small fraction of the 
structure weight is really doing the 
work of an ideally stressed structure. 
On large aircraft it is easier to refine 
the design of non-structural parts. 


In 1949, Keith-Lucas showed that, 
whereas at some fairly large all-up 
weight the landplane and seaplane came 


352 


| ‘ 
( 
1 
€ 
i 
2 
te 
oO 
te 


AIRCRAFT STRUCTURAL DESIGN 


neck-and-neck, at higher weights the 
seaplane showed a saving in weight 
compared with its rival. The land un- 
dercarriage is a structure in which the 
loads and stresses can be fairly accu- 
rately assessed; it would thus tend to 
follow the square-cube law, and hence 
its percentage structure weight would 
increase with size; on the other hand, 
the seaplane hull is a structure which 
can be progressively refined with in- 
creasing size, and the square-cube law 
therefore applies to a small fraction of 
its weight, thus giving it an advantage 
in large sizes over the landplane under- 
carriage. 


With the advent of jet-propelled air- 
craft there has been a sudden increase 
in speeds and cruising heights. When 
flying in disturbed air, speed is a major 
factor in producing gust loads, the addi- 
tional load being roughly proportional 
to the speed of the aircraft entering the 
gust, assuming a constant wing loading. 
It is now possible to fly high enough 
to encounter the turbulence which is 
associated with jet streams, where wind 
speeds relative to the earth of upwards 
of 200 mph. produce a high rate of 
wind shear, and corresponding turbu- 
lence. There is, however, no indication 
to the pilot by visible cloud. By fitting 
velocity-acceleration recorders and re- 
cording accelerometers to large numbers 
of aircraft, it has been possible to build 
up a considerable volume of statistical 
evidence which defines the kind of gust 
in the lower height range, say up to 
20,000 ft., and also the frequency of 
gusts of any given severity. In order 
to be sure that the structural strength 
of an aircraft is adequate for the kind 
of gusts which may be met at 30,000 it. 
or 40,000 ft., however, it is necessary 
to go to these heights and measure the 
gusts which are to be found there; work 


on this task has been undertaken since 
the Second World War. The earlier 
results in Great Britain confirmed the 
belief that, on the whole, the air is 
much calmer at these high altitudes, 
particularly if flying in relatively thin 
layers of disturbed air is avoided; but 
at least one case is on record of alarm- 
ingly high accelerations at high alti- 
tude measured on a day when a jet 
stream was present. The present design 
requirements for gusts are admittedly 
based on guesswork. 


While accelerations produced by gusts 
act in any direction, it is only the 
accelerations produced by changes of 
lift on the wing that are serious from 
the point of view of both structural 
safety and passenger comfort. To re- 
duce these accelerations, the slope of 
the lift curve must be reduced, involv- 
ing a loss of stability and a loss of 
maneuverability of the aircraft. The 
various arrangements proposed for re- 
ducing the slope of the lift curve consist 
essentially of a detector to measure the 
gust, a device, usually a flap, to alter the 
lift on the wing, and a servo-motor to 
amplify the signal received by the de- 
tector to an extent sufficient to operate 
the flap. The whole apparatus must 
produce the answer in a small fraction 
of a second. Since some aircraft now 
have power-operated ailerons, it is at- 
tractive to explore the possibility of 
coupling these up to the detector so that 
both ailerons move in synchronism 
when a gust is met. From the point of 
view of structural safety alone, it would 
be sufficient to “cut off the top of the 
lift curve,” and the mechanism would 
then act only when the danger point 
was approached. It would be preferable, 
however, either to flatten the slope of 
the lift curve all along its length or to 
reduce the slope considerably over a 
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limited range, leaving it unaltered out- 
side this range. There are many prob- 
lems to be solved: the degree to which 
the lift-curve slope can be safely re- 
duced, the amount of lift reduction at 
which it is useful to aim, the acceptable 
time lag, and whether it is possible to 
reduce the lag sufficiently with such 
large surfaces as ailerons, or whether 
much smaller surfaces, which could 
easily be moved much faster, would be 
effective. If the gust-alleviator could be 
developed to such a pitch that its relia- 
bility was comparable with that of the 
aircraft-control system (a by no means 
impossible task) then for a given load 
factor and factor of safety, a lower 
structure weight might be justified with 
the gust-alleviator in action. 


The common manifestations of aero- 
elasticity in flight may be conveniently 
divided into the non-oscillatory and 
oscillatory types. Perhaps the simplest 
and most familiar of the first group is 
the progressive loss of aileron control 
with increasing speed of flight. If the 
speed increases sufficiently a point is 
reached at which the movement of the 
control surface has no effect at all on 
the aircraft; above this speed the effect 
of the controls is actually reversed, this 
critical change-over being known as the 
“reversal speed.” A given angle of 
aileron produces a given change in 
pitching-moment coefficient on that part 
of the wing affected by the aileron itself. 
Under this pitching moment the wing 
twists elastically, and always in the op- 
posite sense to the motion of the aileron; 
a down-going aileron produces a loss of 
wing incidence, and thus the lift due to 
the aileron is diminished by reason of 
the wing twist. This loss in aileron 
effectiveness increases with the square 
of the speed, and at the reversal speed 
it overcomes the additional lift which 
the pilot intends to get by moving his 
aileron. The pilot has’ a continuous 
warning of the approach of aileron re- 
versal as he increases his speed; suffi- 
cient torsional stiffening of the wing 


structure will postpone the reversal 
speed. 


If a straight wing of conventional 
construction has a symmetrical section, 
its center of pressure at the quarter- 
chord point will be somewhat in front 
of the flexural axis. The lift force in 
flight will then twist the wing in the 
direction of increased incidence with a 
resulting increase of lift. If now the 
angle of incidence is suddenly altered, 
say by a vertical gust, then the twisting 
moment on the wing will be propor- 
tional to the square of the forward 
speed; since twisting is resisted by the 
constant elastic stiffness of the wing in 
torsion, it is easily seen that if the 
forward speed of the aircraft is in- 
creased sufficiently these two effects will 
become equal. At that speed, the diver- 
gence speed, the wing twist can become 
theoretically infinite. Fortunately the 
divergence speed is usually well beyond 
the range of flying speeds of present- 
day aircraft. 


The simplest examples of flutter in- 
volve motion in two modes at the same 
frequency, with a phase difference be- 
tween the modes; this phase difference 
enables energy to be extracted from the 
air stream, and if the extraction of 
energy exceeds that dissipated by the 
damping, both structural and aero- 
dynamic, then the motion builds up in 
amplitude until the structure collapses. 
Sometimes the motion involves more 
than two degrees of freedom, but never 
less, except in cases where, for example, 
there is a movement of a shock wave, 
and the motion is no longer of the 
simple-harmonic type. One of the first 
well-authenticated examples of flutter 
occurred on the tailplanes of the twin- 
engined Handley Page 0/400 aircraft 
built at the beginning of the First World 
War. The rear end of the fuselage and 
the attached tail surfaces formed an 
oscillating system with two degrees of 
freedom; in one mode, the port and 
starboard elevators could oscillate about 
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their hinges 180 deg. out of phase, the 
relatively weak spring «restoring force 
being provided by long flexible control 
cables through which each individual 
elevator was connected to the pilot’s 
control column. In the other mode, the 
tailplanes and rear end of the fuselage 
could oscillate in torsion, and the pos- 
sibility of a phase difference between 
the twe- modes-of oscillation was diag- 
nosed as the cause of flutter. The cure 
proposed was simply to cross-connect 
the port and starboard elevators, so as 
to synchronize their movements. 


The effectiveness of mass balance in 
preventing oscillation involving the con- 
trol surfaces is now well established. 
The oscillation is a binary one with 
rotation of_the_control surface about 
its hinge and either translatory motion 
of the surface to which it is attached in 
the ‘direction perpendicular to the line 
of flight,or torsion of this surface, giv- 
ing rise «to “incidence changes. The 
weight penalty attached to mass balance 
is of the order of % percent of the all- 
up weight, both for small and large 
aircraft. It can, therefore, appreciably 
affect the payload of a long-range aero- 
plane; mass-balancing is, however, one 
of the most reliable devices ever fitted 
to an aircraft. 


With the advent of speeds of flight 
near, and even surpassing, the sonic 
speed, the provision of adequate wing 
stiffness often involves appreciable in- 
creases in structural weight. The ap- 
pearance, or the reappearance, of air- 
craft with highly sweptback wings has 
accentuated the aeroelastic difficulties 
which the designer has to meet. On the 
straight wing, bending and twisting can 
be controlled separately. The twist pro- 
duces change in incidence and therefore 
in air load; bending produces no change 
of incidence and thus the air load on 
the wings is independent of their bend- 
ing flexibility. With a swept-back wing, 
both bending and twisting produce 
changes of incidence. Much study at 


the present time is being given to the 
exact modes of distortion of the swept- 
back wing under lift loads. When the 
wing tips bend up there is a loss of 
incidence and when the wing twists 
there is a change of incidence in the 
same sense, although different in amount 
from the change of twist, depending on 
the angle of sweepback. 


Consider an increase of incidence 
along the wing such as that encountered 
when meeting an up-gust. Upward de- 
flection of the wing tips as compared 
with the wing root will produce a loss 
of incidence at the tips, with a resulting 
nose-up moment on the whole aircraft. 
This nose-up moment rotates the air- 
craft to yet higher incidence; in other 
words, a condition tending towards in- 
stability is experienced. It is also clear 
that the whole effect is proportional to 
the wing flexibility in bending. High 
speed appears to demand small wing 
thickness and high sweepback; the 
maintenance of longitudinal stability 
calls for high thickness and small sweep- 
back. The users of the aircraft call 
for low structure weight; it will be in- 
teresting therefore to see what kind of 
solution to these various conflicting 
requirements the future will provide. 


Some fifteen years ago, the general 
layout of aircraft seemed to be reach- 
ing a degree of stability appropriate to 
the dignity of a well-established art, 
whereas now the design of high-speed 
aircraft has changed and is changing 
rapidly. By the time the Second World 
War was over, Lippisch in Germany 
had brought on to the drawing board 
the delta design, where the very heavy 
sweep of the leading edge is associated 
with little or no sweep of the trailing 
edge. In some ways, such a design eases 
the task of the structural engineer, who 
would perhaps regard as ideal square or 
circular plan forms, with reasonable 
depth in the center. The delta wing 
has a smaller span and aspect ratio than 
is usual and thus, in general, less bend- 
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Figure 3. 


Ficure 5. 


Ficure 6. 


Fics. 1. ro 6. AERODYNAMIC AND STRUCTURAL DISTORTION OF SwEpt-Back WING. 


ing moment. In addition, with the same 
thickness /chord ratio, the absolute depth 
in which the main spars are housed is 
greater, since the root chord is large; 
questions of torsional stiffness are eased 
by the area towards the wing root of 
what may be called the torsion box. 


Large span, which favors the reduc- 
tion of induced drag, is costly in struc- 
ture weight as the sweepback becomes 
more pronounced. One of the many ene- 
mies of low wing-structure weight is 
the stiffness required to ensure freedom 
from control reversal, flutter and ad- 
verse movement of the aerodynamic cen- 
ter due to wing distortion. Control 
reversal arises basically from the added 
load due to control-surface movement 
acting near the half-chord point, while 


added load due to incidence changes acts 
near the quarter chord. The wing struc- 
ture must be both strong and stiff 
enough to deal with loads applied at 
either point; if these two points of 
application of load could be brought 
closer together, less structural stiffness 
would be adequate for safety at a given 
speed of flight. One way of tackling this 
problem is to consider types of control 
which, when they are moved, do not 
bring in their train- such backward 
points of application of added load, such 
as increasing the control-surface chord, 
and the use of the spoiler control. .If the 
drawbacks of either method could be 
diminished sufficiently, the span for 
greatest economy might be increased if 
flutter and shift of aerodynamic center 
due to distortion could be looked after. 
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The loss of incidence hitherto in- 
separable from the upward bending of 
a swept-back wing is the primary cause 
of the latter trouble. In the past there 
has been some confusion between struc- 
tural twist and incidence change, which 
for straight wings are identical. The 
photographs reproduced in Figs. 1 to 6 
show the distortion of a swept-back wing 
loaded in two different ways from two 
points of view, that of the aerodynami- 
cist who is interested in the tip inci- 
dence, as measured by the transparent 
grid, and that of the structural engineer 
who looks along the length of the wing 
from tip to root and studies the twist 
by observing the alignment of the two 
pillars, inboard and outboard, mounted 
at right angles to the local wing chord. 
Figs. 1 and 2 show the wing under no 
load, with zero incidence change from 
root to tip, and zero twist. Figs. 3 and 
4 show that when the wing is loaded at 
the arrow, which is on the flexural axis, 
there is no twist, but there is a loss of 
incidence due to bending. The aero- 
dynamacist would like to see the wing 
distorting under load into the shape 
shown in Figs. 5 and 6, where the ar- 
row showing the loading point is in 
front of the flexural axis. Here, there 
is no change in tip incidence, although 
there is some structural twist. If such 
a wing could be designed, and the flutter 
problem solved, it might be possible to 
avoid the increase in torsional stiffness 
and structure weight usually demanded 
by sweepback. 


Turning to the formidable problem 
of landing aircraft of heavy sweepback, 
it has long been known that the slope 
of the lift curve falls off as the aspect 
ratio is reduced, and that the maximum 
lift with low aspect ratio is developed 
at angles of incidence higher than those 
in common use; even when the maxi- 
mum lift is reached it attains only a 
modest value which it is difficult to 
raise by flaps or other means, especially 
when account is taken of the need to 
trim longitudinally. There may be seri- 


ous difficulty with the lateral stability 
at the lower end of the speed range, at 
any rate with the less extreme angles 
of sweepback; furthermore, the rapid 
increase of drag as speed is lost in the 
approach to land means that any attempt 
at putting the aircraft on the ground 
after an engine failure would be hazard- 
ous. 


One possible solution would be to 
hinge each wing about a vertical axis, 
so that in the landing configuration the 
wings are projected more or less at 
right angles to the plane of symmetry, 
and in the high-speed configuration they 
are swept-back to give the delta shape. 
This would appear to lead to formidable 
structural problems. Preliminary exam- 
ination, however, suggests that, on the 
whole, there would be a net gain. Apart 
from complication, the penalty in struc- 
ture weight is likely to be quite small. 
Many years ago, the author had some 
experience of sweepback variable in 
flight with the Pterodactyl Mark VI. 
The range of sweep-back was much less 
than would be needed in the application 
now under consideration; the variable 
sweep was delightfully easy to operate 
in flight, and the structure weight 
penalty was only 2 percent of the all-up 
weight. On the modern version where 
large angles of sweep will be needed, 
great ingenuity will be called for in 
making good the cracks and gaps near 
the hinge, but the whole philosophy of 
a change in geometry to deal with the 
immense speed range foreseen for this 
kind of aircraft is in line with what 
has been done with success in the past, 
namely, the high-lift flap, retractable 
undercarriage and the variable-pitch 
propeller. 


These speculations on the shapes into 
which aircraft may change in the course 
of the next few years have as their 
main object the stimulation of discus- 
sion and experimentation. Looking back 
over a period of nearly fifty years since 
the Wright’s first demonstrated the pos- 
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sibility of human flight, one of the many 
lessons which emerges is that progress 
comes in two ways—by steady methodi- 
cal development, and in gigantic bursts 
when a new idea is born, is at first 
laughed at, is then taken seriously, and, 
finally, sweeps the board. The present 
is a time of ferment, of galloping prog- 
ress in the world. As a distinguished 
former President of the Royal Aero- 
nautical Society, Dr. Roxbee Cox, has 


said, some ten years ago, “We must 
have ideas, develop them and use them. 
Too often we seem to have had ideas 
and forgotten them until others have 
developed them.” How truly he spoke, 
and how dimly is any change in atti- 
tude to be seen in Great Britain. Let 
us, therefore, see that every encourage- 
ment is given to those who are ready to 
break with tradition and carry us to 
new heights of achievement. 
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The term “Welding Procedure” covers 
the factors which are to be considered 
in the controlled production of welds. 
In pipe welding the outstanding factors 
are joint design, welding technique and 
filler metal. This paper considers pri- 
marily joint design by the reason that 
root preparation, which includes the 
backing material, is directly related to 
the development of ceramic backing for 
tube welds. 


Piping intended for high pressure, 
high temperature service is a complex, 
highly stressed component of a power 
plant. The welded joints contained in a 
pipe system should, therefore, represent 
notch free continuity. Where auxiliary 
equipment is designed to operate on 
superheated steam, as on some Naval 
vessels now under construction; the feed 


pipes are small, many less than 114” 
I.P.S. The use of metal backing rings, 
particularly the type preferred by the 
Naval Service, would render each point 
of application a throttling orifice, there- 
by reducing the effectiveness of the feed 
lines. On the vessels now under con- 
struction this problem has been solved 
by the use of socket type fittings, thus 
eliminating butt joints and the use of 
backing rings. However, it is conceived 
that in the event of an intensified build- 
ing program, a shortage of socket type 


fittings may make it unavoidable to re- 


sort to the use of butt joints. 


In order to obtain welds suitable for 
high temperature, high pressure service, 
a large variety of butt joint prepara- 
tions were considered and tested. Those 
accepted by the various code authorities 
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Vv. BUTT JOINT 


WELDED ON MAGHINED TYPE BACKING RING 
(INDUSTRY) 


Fig. ! 


Vv. BUTT JOINT 


WELDED ON REMOVABLE BACKING RING 
(NAVY DEPARTMENT) 


45° MIN. 


\ RING SHALL BE 
MACHINED FLUSH WITH 
INSIDE DIA. OF PIPING. 


NOTE: 
THIS JOINT USED FOR WELDING FLANGE TO PIPE. 
Fig. 2 


of industry and the Bureau of Ships of 
the Navy Department are shown in Fig. 
(1), (2), (3) and (4) respectively. 


The butt joint used for high pressure 
lines installed in Naval vessels and other 
installations built under the cognizance 
of the Bureau of Ships is shown on 
Fig (4). The keynote of this design 
is simplicity, aiming for the most eco- 
nomical method of preparation of the 
beveled edges and employing a backing 
ring which is also basic as regards sim- 
plicity of its geometry. The above de- 
sign further specifies boring out the 


FILLET WELDED SOCKET 
(NAVY DEPARTMENT ) 


SOCKET 


PIPING 


Fig. 3 


Vv. BUTT JOINT 
WELDED ON PLAIN TYPE BACKING RING 


tube ends to match diameters so that the 
backing ring may fit snugly against the 
entire periphery of both bores. This re- 
quirement adds considerably to the cost 
of the preparation in that tolerance in 
boring out tube ends cannot exceed 
.005” if the desired close fitting between 
tube ends and the ring is to be obtained. 
The reason for the close tolerance is 
readily seen when a joint preparation is 
regarded as an open top mold consisting 
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of three sides. Two sides of the weld 
are the beveled edges of the tubes to be 
joined and the third is the backing under 
the root of the joint. Since arc weld- 
ing, employed almost exclusively in the 
fabrication of high pressure piping is a 
progressive casting process, it is evident 
that the mold must be tight against the 
liquid metal deposited in the course of 
the development of the first pass. The 
metal deposited by arc welding is in the 
superheated state and, therefore, very 
fluid. A gap at the root of the weld 
measuring only a few thousandths of 
an inch in width permits leakage. The 
steel, finding its way in the narrow gap, 
is chilled immediately upon entering. 
The temperature gradient developed by 
the sudden chilling induces a corre- 
sponding stress development, which 
often results in /.cipient cracks oriented 
upward into the weld metal. The sig- 
nificance of these cracks which may 
vary in size from microscopic to that 
visible to the naked eye, as stress raisers 
is obvious. The requirement to bore out 
the tube ends to provide close faying for 
the backing ring is undesirable not only 
because it is an additional, expensive 
machining operation, but also as it is 
necessary to follow through, to assure 
that the bore diameters of each joint 
match within the specified tolerance. 
The development of ceramic backing 
during World War II was primarily 
influenced by the acute shortage of per- 
sonnel qualified to do the work of the 
inspection and follow up. However, by 
the time the development was completed, 
the war construction program was well 
established and it did not appear to be 
advisable to introduce a new procedure 
that would have interfered with the 
established production schedules. Thus, 
the application of ceramic backing was 
held in abeyance pending a suitable 
opportunity. This offered itself in con- 
nection with the installation at the Naval 
Engineering Experiment Station in 
Annapolis, Maryland, of a test cell to 
evaluate various types of steels as ma- 
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terials for piping in steam lines intended 
for service at 1050°F at 2000 p.s.i. The 
line carrying the superheated steam into 
the test cell was 4/6 Cr-% Mo steel, 
schedule 160, 114” IPS tubing. A total 
of 80 joints were required for the com- 
pletion of this line from the superheater 
to the test assembly. It was considered 
that this was an opportunity to install 
and evaluate ceramic backing as regards 
its suitability and reliability in high 
pressure, high temperature steam lines 
subject to repeated thermal shock and 
the corresponding transient thermal and 
dynamic stresses. The design of the 
joints for use with ceramic backing, the 
volume and contour of the ceramic ma- 
terial as applied in these joints are 
shown in Fig. (5). 


The principles. employed in developing 
this design were based on two consider- 
ations; one pertains to the joint design, 
the other the selection of the backing 
material. At the beginning of the devel- 
opment work a high temperature refrac- 
tory material was employed to resist arc 
impingement. However, early experi- 
ence showed that arc impingement must 
be avoided to prevent contamination of 
the deposited metal and that this objec- 
tive must be attained through modifica- 
tion of the joint design. 


The joints shown in Fig. (5) pre- 
sent the final design developed toward 
the attainment of the above objective. 
The distinctive feature of this design is 
that it is not symmetrical for wall thick- 
nesses greater than %”. One side is 
beveled at 45°, the other at 15°, which 
is faired into the 416” radius at the root. 
The root is formed by two tips which 
are produced by counterboring, thus 
raising the root edges %46” above the 
bottom of the joint. The root space 
between these edges is %2”. The 
ceramic backing is shown to be at least 
36” thick and 36” wide and it is also 
counterbored, forming an annular space 
under the root edges. These design 
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JOINT DESIGN FOR WALL THICKNESSES 
HEAVIER THAN 1/4" 


JOINT DESIGN FOR WALL 
THICKNESSES FROM 1/8" TO 


_ Ae 


JOINT DESIGN FOR WALL 
THICKNESSES LESS THAN 1/6* 
BUT HEAVIER THAN 5/64" 


FIG, 5 


features were found to satisfy the prin- 
ciple applied in their development by: 


(a) Providing base metal at the 
root of the weld to prevent the arc 
from impinging directly upon the 
ceramic backing. 

(b) Proportioning the protruding 
portions of the bore at the root to 
assure that it is melted down by the 
heat input of the applicable small 
electrodes. 

(c) Providing amplitude for the 
manipulation of the electrode by ma- 
chining a “J” contour in one of the 
tube ends. 

(d) Providing mass by the 45° 
bevel to absorb the heat of the arc 
when occasionally the electrode must 
be whipped to prevent undue widen- 
ing of the root gap. 

(e) Counterboring the ceramic 
backing to provide space for a shallow 
head and thus further assure complete 
remelting of the root edges. 

(f) Providing a %4” overhang of 
the ceramic backing whereby the root 
edges become separated by a total of 
340’. The presence of this gap serves 
as a safeguard in remelting the root 
edges and provides for complete 
fusion. 


‘ 


The details of preparing and applying 
the ceramic backing and of the welding 
technique applicable in depositing the 
first pass of the weld (deposition of the 
subsequent passes is done in the con- 
ventional- manner) are given in the 
following : 


1. The backing material is sharp 
sand procured in accordance with 
Bureau of Ordnance Specification 
50-S-2, No. 20. 

2. The preferred binder is cellulose 
acetate applied from commercially 
available dispensing tubes. This ma- 
terial is a thermoplastic. Its setting 
time in air is approximately % hour. 
When it is desired to reduce the set- 
ting up time of the mold by torch 
heating, care must be used not to 
impinge the flame on the exposed 
portion of the backing material. Heat- 
ing the tube ends to 300° F. reduces 
the setting up time to 15 minutes. 

3. Application of the ceramic back- 
ing material. In preparing this non- 
metallic backing material, the sand 
and the binder are mixed into a putty- 
like consistency. The ratio of sand to 
binder is approximately 5 to 1. This 
mixture will adhere readily to the 
bore of the tubes to be joined. In the 


362 


| 
| watt 
vere 


CERAMIC BACKING 


MANUAL APPLICATION OF NON-METALLIC BACKING 


TRIMMED ASSEMBLED FOR WELDING 


AS APPLIED 


FIG. 6 


TRIMMING JIG AND SLEEVE FOR STRAIGHT TUBING 


SECTION AA 


FIG. 7 
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NON-METALLIC BACKING RINGS USED 
WITH PART 2, FIG. (7) 


re 


CERAMIC BACKING PREPARED event the mixture does not adhere 

2 emanmiorssia readily, the bore of the tubes may 
be smeared with the binder. Occa- 
sionally, it is found necessary to vary 
slightly the quantity of the consti- 
tuents of the mixture in order to 
obtain the desired adhesion. After 
the backing ring has been formed in 
each tube end to be joined, the ma- 
terial is allowed to set. When the 
backing material has hardened, it is 
faced-off to protrude beyond the end 
of each member thus providing the 
joint with a root spacing. A trim- 
ming jig is used for this; the sand is 
faced using a coarse file; a tri- 
cornered scraper is employed for 
undercutting. 


eal The application of non-metallic back- 


ing material is illustrated schematically 
on Fig. (6). The trimming jig and 
leveling sleeve are shown on Fig. (7) 
and (8) respectively. A photograph of 
a non-metallic ring undercut and ready 
for welding is shown on Fig (9). 


ROOT BEND TEST SPECIMENS 


A photograph of bend specimens taken 
from a tube joint welded over a non- 
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CERAMIC BACKING 


metallic backing ring are shown on 
Fig. (10). Macro-etched transverse 
sections are presented on Fig. (11). 


Considering the fact that the curing 
periods mentioned above may be unde- 
sirable in production work, a mold was 
designed for prefabrication of backing 
rings for standard pipe sizes up to 1%4” 
IPS. This mold is shown on Fig. (12). 


Training of Operators. The operators 
assigned to learn the technique of de- 
positing the first pass over ceramic 
backing should have had previous ex- 
perience in pipe welding. Before the 
applicable technique is demonstrated to 
them, they are instructed as follows: 

(1) The arc must be struck on the 
45° bevel and slowly advanced into 
the root. 

(2) Hold the are long enough to 
develop a hole slightly larger than the 
diameter of the electrode used. 

(3) Start advancing when the hole 
is developed, at a rate which permits 
maintaining the hole at the same 
diameter. Slow down if the hole 


MACRO ETCHED WELD SECTIONS 


FIG, 11 


diameter appears to diminish. If the 
hole increases beyond the desired 
size, whip the electrode against the 
45° bevel. When the pool begins to 
lose. fluidity, redirect the electrode 
there, close up the enlarged hole and 
resume progression. 


MOLD FOR CERAMIC BACKING 
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Welding Technique. In setting up 
ceramic backed tube joints suitable 
clamps must be used to align the joint. 
The details of a clamp design found to 
be satisfactory for this purpose are 
shown on Fig. (13). When the tube 
material is of a composition requiring 
preheating, the tube ends are assembled 
with approximately a 46” gap between 
the faces of the sand backing protruding 
beyond the tube ends. This is to pre- 
vent crushing the sand when the preheat 
expands the tube ends. Welding is 
started by depositing three tacks using 
the sequence shown on Fig. (14). The 
technique of depositing the tacks must 
follow the procedure given above in 
steps (1) and (2) of the training in- 
structions. These tacks are from 4” to 
3%” long. The tacks are cleaned free of 
slag by use of a scratch tool without 
pecking. When cleaned of slag, the 
tacks are closely examined for cracks or 
fissures. If any are found, they are 
removed by grinding using a light- 
weight, high-speed air or electric grinder 
carrying a suitable size burr as the 
grinding tool. Next, for horizontal fixed 
joints, welding is started at the bottom 
and performed as given in (1), (2) and 
(3) of the above instructions, welding 
through tacks (1) and (2) or (1) and 
(3). Before the second half of the first 
pass is deposited, the slag is removed, 
still using the scratch method, from 
the starting and finishing points of the 
already completed half and these areas 
are then inspected for cracks or fissures. 
If none are found, welding of the second 
half is performed in the same manner 
as used for depositing the first half. If 
cracks or fissures are found in the crater 
of the first increment, they are ground 
out before deposition of the second half 
is started. On completion of the first 
pass, it is cleaned free of slag and 
chipped to improve its contour using 
the normally applied tools and methods. 
Deposition of the subsequent passes is 
done in the conventional manner. No 
further precautions are required. The 


above given procedure applies also to 
welding in the vertical. Welding in the 
horizontal rotated position is also prac- 
tical, after the three tacks have been 
completed with the assembly firmly held 
by a clamp. 


Removal of the Backing Material. 
The heat of welding volatilizes the 
binder contained in the outer portion of 
the backing ring. This renders it very 
brittle. The vigorous pounding in dress- 
ing the completed first and subsequent 
passes of the weld shatters the brittle 
backing material which returns to its 
original form, namely, sand _ particles. 


WELDING SEQUENCE 
(ROOT PASS) 


END OF INCREMENT 4 
END OF ROnEMEWT 


ENO OF x 


END OF 


START OF FIRST @ 
THIRD INCREMENT 


NOTE: 


(4) STOP BEFORE REACHING TACK WELD TO PERMIT 
VENTING. SCRAPE OUT SLAG @ EXAMINE CRATER 
BEFORE STARTING NEXT INCREMENT. 


Fic. 14 
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CERAMIC BACKING 


These can be removed by shaking or 
flushing with water or may be blown 
out by air. No gobs of molding material 
remain adhering to the root of the weld 
in that complete separation of backing 
and weld metal occurs during the chip- 
ping and cleaning of the first and sub- 
sequent passes. Occasionally, over small 
areas the sand vitrifies and adheres to 
the bottom of the weld. Few particles 
are fused on as a vitrified enamel. Such 
vitrified adhesions, measuring about %” 
in length and width, were found on 
welds removed from the above given 
steam line. Since this line has been sub- 
jected to several hundred thermal shocks 
of a very serious order, it is evident that 
those particles do not become dislodged 
and therefore, do not constitute a threat 
to valve operation or fouling of turbine 
blades. In the operation of the above 
steam line, which involved hundreds of 
openings and closings of valves, at no 
time was trouble experienced and on no 
occasion was the operation of the valves 
impaired. 


Further Applications. The use of 
ceramic backing at the Station has been 
applied in the construction of two high 
pressure, high temperature steam lines. 
In these systems both 4/6 Cr-% Mo 
and 2% Cr-1 Mo steel tubing were used. 
The ceramic backing was used in all 
joints of 2” IPS and smaller. A total 
of 150 joints were welded over ceramic 
backing. For tubes of 4” IPS and larger 
it was found necessary to strengthen 
the backing by mixing in the sand 
of approximately 25% (by volume) 
shredded asbestos. The presence of this 
material, with the heat of the stress 
relief treatment fully disintegrates and 
does in no way interfere with removal 
after the weld is completed. Ceramic 
backing has been used at the Station in 
welding copper, copper base alloy and 
stainless steel tubing. In welding 4/6 
Cr-% Mo tubing it has been found ad- 
visable to post heat all joints regard- 
less of size. For joints of 3” IPS and 


over the induction method was used for 
preheating, maintaining the interpass 
temperature and the post heat treat- 
ment. Joints 2%.” IPS and smaller 
were preheated by a welding torch, 
which was also used for maintaining the 
interpass temperature. The post heat 
treatment for these joints was per- 
formed using charcoal furnaces. The 
design of those furnaces for horizontal 
and vertical joints is shown on Fig. 
(15) and (16) respectively. Air blown 
through the tuyeres is admitted through 
a regulating valve from a 125 p.s.i. 
supply line. The valve reduces the 
pressure to the operating range of 6 to 
12 p.s.i. Temperature regulation is by 
means of a thermo couple welded to the 
joint. The thermo couple leads are pro- 
tected by a small steel tube which rests 
on the joint. Heat regulation is ob- 
tained by controlling the volume of air 
admitted to the tuyeres. This can be 
done manually, by reference to a poten- 
tiometer or a resistance type tempera- 
ture indicator. Automatic regulation 
can be applied by having an automatic 
temperature controller actuate a sole- 
noid valve installed beyond the reducing 
valve. 


CHARCOAL FURNACE FOR TUBE JOINTS 
IN HORIZONTAL. POSITION 
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CHARCOAL FURNACE FOR TUBE JOINTS 
IN THE VERTICAL POSITION 


FIG. 


The design of the charcoal furnaces, 
the joint used in connection with non- 
metallic backing material and the com- 
pounding of the backing materials are 
proprietary. 


Examination of the Weld Root. 
Metallurgical examination of the weld 
root, produced over non-metallic back- 
ing, reveals that the grain structure in 
the root pass is refined. Fig. (17) is a 
photomicrograph of the refined grain 
structure obtained in the root pass and 
Fig. (18) shows the unrefined grain 
structure of the weld metal from the 
upper half of a %” thick joint. Hard- 
ness exploration of welds made over 
non-metallic backing indicates normal 
conditions for the root zone as evident 
from the hardness survey shown on Fig. 
(19). Spectroqualitative analysis per- 
formed for sections of welds made over 
non-metallic backing indicates no silicon 
pick up for the root zone; this was 
verified by wet analysis. Untrimmed 
root bend specimens taken from joints 
deposited over non-metallic backing de- 
form to the capacity of the standard 
Navy bending jig. Most Codes require 


MICROGRAPH OF WELD METAL, 
REFINED, ROOT PASS (X100) 


X-ray examination of the joints in 
pressure piping systems although this 
method seldom reveals the presence of 
shallow root cracks, nor can these be de- 
tected reliably by the ultrasonic method 
in the presence of metal backing rings. 


MICROGRAPH OF WELD METAL, 
UNREFINED, TOP PASS (X100) 
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HarpNEss SurvVEY (BRINELL) 


| Weld Metal 
| Unaffected Heat Affected : = 
Weldment | Base Metal Base Metal Root Area Body 

Ceramic 121 to 135 222 to 234 245 to 255 234 to 250 
backing | 127 avg. 228 avg. 250 avg. 240 avg. 

Tubing 
Metallic 169 to 180 205 to 240 250 to 265 234 to 260 
backing 172 avg. 222 avg. 255 avg. 250 avg. 

| Plate stock 
Fic. 19. 


Welds produced over non-metallic back- 
ing rings can be given fast 100% non- 
destructive tests by the magnetic anal- 
ysis or ultrasonic methods with the 
assurance that unsound root conditions, 
if present, would be detected. 


Summary. Power piping is regarded 
as the most critically stressed component 
of a steam power plant. While most of 
the other portions of a steam power 
plant are shop fabricated under the most 
applicable conditions and by the use of 
automatic welding devices, much of the 
piping is welded in the field. Erection 
of piping in the field handicaps the 
proper alignment of metal backing 
rings. Experience shows that the great- 
est difficulty in pipe welding, using metal 
backing rings, is the development of 


sound root conditions. The use of non- 
metallic backing in the joints defined in 
this paper offers a solution to the most 
objectionable feature of pipe welding. 
Non-metallic backing offers: 

(a) Elimination of undesirable 
throttling in small lines. 

(b) Enables the consistent produc- 
tion of joints whose root zones are 
metallurgically sound. 

(c) Eliminates corrosion dangers 
by removing the sediment catching 
ring obstacle. 

(d) Better economy than metal 
rings. 


Non-metallic backing as _ presented 
here offers an important gain toward 
the consistent production of sound 
joints in power piping. 
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A 1000-KW GAS TURBINE-ALTERNATOR 
SET FOR THE ADMIRALTY 


ACKNOWLEDGMENT 


This is a condensed version of an article appearing in the January 1952 issue 
of “The Shipbuilder and Marine Engine-Builder.” 


INTRODUCTION 


From time to time in the recent past, 
brief references have been made to gas- 
turbine developments undertaken by 
Messrs. W. H. Allen, Sons & Co., Ltd., 
of Bedford, with the sponsorship of the 
Admiralty. 

To give definition to the project, the 
Admiralty, in 1948, placed with Messrs. 
Allen a development contract which in- 
volved the construction of a 1000-kw. 
gas-turbine/alternator set, suitable for 
auxiliary service in H.M. ships, and, 
during the past three years or so, the 
firm have devoted much careful thought 
and technical skill to the design and 
construction of the gas-turbine prime 
mover, which has now been under test 


since the early part of 1951. It is a 
tribute to the foresight and technical 
competence of the staff of Messrs. Allen, 
and of the Admiralty officers who have 
collaborated with them, that such me- 
chanical “teething troubles” as were ex- 
perienced were of an altogether minor 
character. In the first series of tests, it 
is significant that the unit was operated 
at full speed, under full-load and even 
overload conditions, without difficulty. 

The further program of trials now in 
train has been planned to provide data 
in regard to the general performance 
and governing of the unit, and these 
will be followed by rigorous endurance 
tests. 


DEVELOPMENT OF THE DESIGN 


It was laid down in the Admiralty 
specification that the set should have 
a maximum continuous rating of 1000 
kw. and that it should be capable of 
sustaining an overload of 20 percent for 
a period of 10 minutes. Moreover, the 
set was to be suitable for operation at 
all loads (up to overload) under tem- 
perate (60 deg. F.) or tropical (100 
deg. F.) conditions, and capable of 
operating satisfactorily in parallel with 


steam-turbine/alternator sets. The gov- 
erning requirements stipulated that the 
change of speed corresponding to a 50 
percent variation in load should not 
exceed 24% percent, while the set was 
to be capable of accepting or shedding 
100 percent load, without the assistance 
of the emergency gear. 

It was further envisaged that the fuel 
would be Diesel oil (Admiralty Fuel 
B.310), with a maximum fuel consump- 
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tion of 1.27 lb. per kw.-hr. under tropical 
conditions, in the range 60 to 100 per- 
cent of full power. 


The total head-pressure at the com- 
pressor intake was to be 14.1 lb. per 
sq. in. (abs.) and at the power-turbine 
outlet 15.1 lb. per sq. in. (abs.)—values 
which allow for substantial losses in the 
inlet and exhaust trunking. 


The engine was to be entirely self- 
contained and was to be as compact as 
possible, consistent with reasonable ac- 
cessibility. To permit its installation in 
a normal between decks, a maximum 
height of 7 ft. was specified and it was 
laid down that every reasonable oppor- 
tunity should be taken to reduce the 
weight of the set without, of course, 
impairing reliability. 


In regard to shock loading, it was 
specified that the set should be designed 
and mounted to sustain high accelera- 
tion in both vertical and horizontal di- 
rections, viz., 40 g upwards, 25 g down- 
wards and 15 g transversely. 


Finally, an endurance of 100,000 
hours, comprising 65,000 hours at 80 
percent power under temperate condi- 
tions, and 33,000 hours at 80 percent 
power and 2000 hours at full power, 
under tropical conditions, was to be 
aimed at. 


Other characteristics of the design 
are summarized in the accompanying 
table. It will be observed that the 
thermal efficiency and specific fuel con- 
sumption are not comparable with those 
of a modern Diesel engine, but this 
limitation was accepted as a reasonable 
measure at the present stage of gas- 
turbine development, especially having 
regard to the questions of reliability and 
long operating life. 


After a careful examination of the 
conflicting requirements of low weight 
and space on the one hand, with those 
of reasonably good efficiency on the 
other, Messrs. Allen decided to adopt 


Basic DEsIGnN DaTA OF THE 
ALLEN GaAs TURBINE. 


B.H.P. contra 
rating (C.M.R 
turbine ding 
fouling margin .......... 1,512 

Estimated fuel consumption, 
ad C.M.R. lb. per B.H.P.- 


— thermal efficiency 
coupling, 

R., 19.75 

‘ins flow at C.M.R., Ib.-sec. 37 
Maximum gas temperatures, 


Bude temperate conditions 650 
sd tropical conditions. 700 
8,000 
Power turbine ........... 6,750 


Estimated adiabatic eflicien- 
cies, percent: 


Compressor turbine ...... 85 
Power turbine ........... 84 
No. of stages: 
Compressor turbine ...... 
8 
Straight-through 
Heat exchanger: 
Thermal ratio, percent. . 70 
Number of passes: 
2 


Note :—The stated output is that obtained with 
the abnormal inlet and exhaust losses specified. 
Without these, the C.M.R. output under temperate 
conditions would be 1250 kw., the corresponding 
thermal efficiency 24 percent, and the specific fuel 
consumption 0.625 lb. per B.H.P.-hr. 


a comparatively simple open-cycle set, 
incorporating an axial-flow compressor 
(compression ratio 44%4:1) driven by a 
two-stage turbine. Other components 
were to comprise an annular two-pass 
cross-flow heat-exchanger; a _  multi- 
chamber combustion system, disposed 
symmetrically round the engine; and a 
separate, single-stage power turbine, the 
output from which was to be trans- 
mitted through Allen-Stoéchicht epi- 
cyclic gearing to the alternator. 


The photograph in Fig. 1, depicts the 
set as erected for testing in Messrs. 
Allen’s works at Bedford. In this photo- 
graph, the lagged outer covers are absent, 
so that the compressor, turbines, air pipes, 
heat-exchanger, combustion chambers 
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Fig. 1.Allen 1,000-kW. Gas Turbine. 


and other features are exposed. The air- 
intake trunk is at the left, while the 
exhaust outlets are arranged at each 
side of the heat-exchanger. 


The height of the set is within the 
required 7 ft., and the dimensions, in 
plan, are 16 ft. by 8 ft. 6 in. The total 
weight of the gas turbine, including the 
heat-exchanger, but excluding the alter- 
nator, is 8% tons. 


It may be noted that the unit is 


without a base plate, three-point sup- 
port being effected by the independent 
mounting of the compressor. The sup- 
ports at the sides of the heat-exchanger 
are flexible, to accommodate thermal ex- 
pansion and contraction; while, in view 
of the fact that the set is intended especi- 
ally for installation in naval vessels, 
resilient rubber components are incor- 
porated in the mountings to minimize 
the effects of shock-loading due to under- 
water explosions. 


CONSTRUCTIONAL FEATURES 


The mechanical design of the gas tur- 
bine is based on the component-assembly 
principle, so that each assembly may be 
removed from the machine independ- 
ently of the others. At the same time, 
careful attention has been paid to the 
question of accessibility to facilitate in- 
spection and maintenance. 


Compressor —The compressor is of 
the axial-flow multi-stage type, the rotor 
being of special built-up construction, 
designed to reduce the moment of iner- 
tia of this component to the smallest 
possible value, and thereby assisting the 


speed governor during sudden large 
fluctuations in load. 


The inlet end of the shaft is manu- 
factured from 1 percent chrome/molyb- 
denum steel, while the outlet end is in 
Nitralloy steel, hardened in way of the 
bearing journals. The rotor wheels, too, 
are of 1 percent chrome/molybdenum 
steel, the individual discs being secured 
to each other by means of dowel pins 
on the faces of the bosses and through 
which the torque is transmitted. 


The rotor-disc assembly and the shaft 
ends are clamped together to form a 
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single assembly by means of a special 
steel bolt which passes axially through 
the centrally bolted discs. Due allow- 
ance. has been made in the design of 
this bolt to enable it to withstand the 
thermal and other stresses which may 
occur during running. 


Concentricity is maintained between 
the compressor-disc assembly and the 
two stub shafts, under all conditions of 
speed and temperature, since they are 
butted together on the faces by means 
of Hirth couplings. 


Each of the 13 stages of the compres- 
sor rotor has 76 blades, manufactured 
from 13 percent chrome stainless iron. 
The blades, which are of constant aero- 
foil section and of a height appropriate 
to the particular stage, are machined 
integral with their roots'and are wired 
together in groups of 10 to facilitate 
assembly. They are lightly located be- 
tween the rims of adjacent wheels by 
a groove machined in the roots and 
which engages a corresponding register 
on the discs. 


The assembly of the discs and blades 
was carried out with the axis of the 
rotor vertical. Incidentally, the blade 
profiles have been machined by Cen- 
trax, Ltd. 


The stator blades, also of aerofoil 
section, are in Monel rolled strip, cast 
into combined roots and spacers, and 
secured in grooves in the casing. 


The casing itself is a steel casting, 
divided at the horizontal center-line. 
Double-skin construction of the casing 
was adopted to provide sufficient space 
for an adequate blow-off of air, but this 
feature has since been found unneces- 
sary. 


Heat-exchanger.—The heat-exchanger 
is of the tubular, cross-flow, recuperative 
type, with a single pass on the hot ex- 
haust-gas side and two passes on the cold 
inlet-air side. It comprises eight seg- 
ments, each containing just over 2000 


tubes in Yorcalnic, manufactured by the 
Yorkshire Copper Works, Ltd., of 
Leeds. The tubes, which are %e in. 
outside diameter and 0.02 in. in thick- 
ness, are secured to mild-steel tube plates 
by ferrules, expanded into the plates by 
means of a hydraulically operated rivet- 
ing gun, developed and supplied by Avi- 
ation Developments, Ltd., of London. 


The method is shown by the drawing 
in Fig. 2. The ferrules are threaded on 
a mandrel, which is then loaded into 
the gun. The first ferrule and the 
mandrel are inserted into the tube and 
the operation of the gun draws the 
mandrel through the ferrule, expanding 
it and the tube into the plate. After 
being expanded, the inside diameter of 
the ferrule is, of course, the same as 
that of the tube bore. The method has 
been found entirely satisfactory and is, 
moreover, extremely rapid. 


The shell of the heat-exchanger is 
fabricated in aluminized mild steel. 


Combustion Chambers. — The multi- 
chamber combustion system comprises 
eight compartments, disposed symmet- 
rically about the axial center-line of 
the turbine shaft. The combustion 


Fig. 2.—Method of Securing Tubes in Tube Plates. 
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chambers were designed and manufac- 
tured by Messrs. Joseph Lucas (Gas 
Turbines), Ltd., of Birmingham. The 
inner flame-tubes are in Nimonic 75— 
a nickel/chrome alloy—and are cooled 
by the secondary air. The outer air 
casing, which is of aluminized mild-steel 
sheet, is fitted with two bellows expan- 
sion pieces which accommodate differ- 
ential expansion between the turbine 
casing and the heat-exchanger. 


Each end of each combustion chamber 
is secured by a special quick-release 
joint. 


Compressor Turbine—The compres- 
sor turbine is of the axial-flow type and 
comprises two stages. 


The two G18B steel rotor wheels and 
the stub shafts are bolted together by 
means of a_ pre-stressed manganese/ 
molybdenum bolt, which passes through 
the centrally bored wheels, and which 
is specially designed to cater for the 
large expansion which occurs in the 
wheels themselves. Hirth couplings are 
again employed to locate the wheels and 
the Nitralloy-steel stub shaft, which is 
hardened in way of the bearing journals. 


The rotor blades, manufactured on the 
plunge grinding process, patented by 
the Bristol Aeroplane Co., Ltd., are in 
Nimonic 80.A. and are secured in axial 
“fir-tree” serrations in the periphery of 
the wheels, each blade being fixed by a 
locking key. 


The stator blades are in Nimonic 80, 
and are formed by the lost-wax process 
of precision casting. The first-stage 
blades are riveted in groups to seg- 
mental strips, to form easily handled 
assemblies. Each second-stage blade is 
secured in a groove in the intermediate- 
casing ring and located circumferentially 
by means of two pegs. A cylindrical 
projection at the inner end of the blade 
engages a radial hole in the diaphragm, 
in such a way that the stator blade is 
free to expand radially towards the cen- 


ter of the diaphragm, while the dia- 
phragm can expand radially outwards. 


The diaphragm is protected by heat 
shields, designed to prevent distortion 
due to the temperature gradient. 


The casing consists of inner and outer 
members, designed to minimize thermal 
stresses due to expansion and to, allow 
all parts to expand freely and yet re- 
main concentric. A center casing ring 
of heat-resisting material is located in 
the main casing by radial keys, the ar- 
rangement being such that it is free to 
expand radially at all points on_ its 
circumference. 


Inner segmented shroud rings of 
H.R. Crown Max steel are arranged to 
expand circumferentially in grooves in 
this casing ring. This arrangement 
maintains the blade-tip clearances at all 
loads, thus improving the efficiency and 
also allowing the machine to be started 
and shut down rapidly, without risk. 
Cooling air from the compressor passes 
round the inner casing and through 
passages in the center casing ring before 
joining the main gas stream. 


The coupled compressor and driving- 
turbine shafts are supported in three 
bearings. To allow for any misalign- 
ment of the shafts, they are connected 
by a quill shaft, which forms an exten- 
sion of the turbine shaft, and which is 
located in the bore of the compressor 
shaft. The driving torque is, however, 
transmitted through a normal gear 
tooth muff coupling. 


Power Turbine—The power turbine 
—a single-stage axial-flow machine—is 
mechanically independent of the com- 
pressor turbine. 


The materials and general construc- 
tion of this turbine are similar to those 
of the compressor turbine, with the ex- 
ception that the rotor wheel is of H.40 
ferritic steel, manufactured by Messrs. 
William Jessop & Sons, Ltd., of Shef- 
field. 
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The bearing is connected radially to 
the outer main-turbine casing by four 
fabricated struts, enclosed in stream- 
lined aerofoils, which are themselves in- 
tegral with the mild-steel exhaust- 
diffuser ducting assembly of the power 
turbine. 


Turbine Cooling Systems.—Great at- 
tention has been paid to the design of 
the cooling arrangements of the rotors 
and casings, the several systems being 
planned so that air from the compressor 
delivery is conveyed, via passages in 
the turbine casings, to both sides of the 
turbine-rotor discs, before finally join- 
ing the main gas stream. 


Bearings, Glands, etc.—All the main 
bearings are of the sleeve type, the 
design generally following well-estab- 
lished steam-turbine practice. The bear- 
ings are of steel, lined with white-metal, 
with the exception that those exposed 
to the higher temperatures are lined 


with lead-bronze. Lubrication and cool- 
ing of the bearings are effected by oil 
at a pressure of approximately 10 Ib. 
per sq. in. 


Ball and roller bearings are incor- 
porated in the auxiliary drives, and the 
thrust bearings are of the Michell type. 


The journal bearings are fitted with 
thermocouples, and the thrust bearings 
with hydraulic wear gauges. 


The casing glands of the compressor 
and turbine, as well as the interstage 
glands, are of the labyrinth type, con- 
sisting of stationary stainless-iron fins, 
in association with stepped shaft-jour- 
nals, 


Flexible Couplings.—The turbines are 
connected to their respective shafts by 
continuously lubricated internal tooth- 
type couplings, in which oil is fed, by 
centrifugal action, through internal pas- 
sages to each tooth engagement. 


GEARING 


Speed reduction between the power 
turbine and the alternator is effected by 
Allen-Stoéchicht double-helical epicyclic 
gearing, which achieves the maximum 
saving in weight and space. 


Designed on the well-known Stoéch- 
icht principle (which ensures equal 
sharing of the load not only by the 
planet wheels, but also by the helices), 
the gearing is capable of transmitting 


1800 hp. continuously; its geometrical 
characteristics are such that the speed 
of the output (alternator) shaft is 1500 
rpm., when the power turbine rotates 
at 6750 rpm. High speed shaft bearings 
are eliminated from the gear unit, the 
sun wheel (which is supported between 
the three planet wheels) being connected 
to the power turbine by means of a 
flexible coupling of the double-helical- 
tooth type. 


ALTERNATOR 


The alternator, also manufactured by 
Messrs. W. H. Allen, Sons & Co., Ltd., 
is of the open self-ventilated, rotating- 
field, salient-pole type, the maximum 
continuous rating being 1000 kw. at 0.8 
power factor. The machine is designed 
to generate 50-cycle, three-phase alter- 
nating current at a tension of 400/430 


volts, when rotating at 1500 rpm., and 
is capable of sustaining an overload of 
20 percent for a period of 10 minutes. 


The stator windings are of high- 
conductivity copper, insulated with 
moulded Micanite, and are held in posi- 
tion by wedges of synthetic-resin bonded 
fabric. 
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The rotor poles are secured to a steel 
shaft, which is carried in a single split- 
sleeve bearing of pedestal type, and ar- 
ranged for rigid coupling to the gear- 
wheel shaft. Pressure lubrication of the 
bearing is effected by oil from the tur- 
bine lubricating system. ' 


A carbon-pile voltage regulator is 
connected in the exciter-field circuit, 
and, to obtain rapid voltage response, 
a permanent-magnet pilot exciter, belt- 
driven from the main exciter, is em- 


ployed, the arrangement avoiding the 
need for a small commutator and brush 
gear. The pilot exciter comprises a 
four-pole permanent-magnet rotor in a 
normal stator frame, and the output 
from this unit supplies the field of the 
main exciter via a metal-oxide rectifier 
located in the main exciter at the bottom 
of the commutator end bracket. 


The exciter is of the two-bearing type, 
flexibly coupled to the rotor shaft, and 
is provided with a shunt field regulator. 


LUBRICATION 


The lubricating system follows closely 
that usually employed in steam-turbine 
practice. Of the two separate, valveless 
gear-type oil pumps, one delivers oil 
at a pressure of about 120 Ib. per sq. 
in. (gauge) to the governor-oil system; 
the other, which serves the bearing and 
gear-teeth lubricating circuits, delivers 
at a pressure of about 45 lb. per sq. 
in. (gauge). 


The pumps, which are arranged in 
tandem, may be driven either by an 


electric motor (as in starting), or by 
the turbine shaft, through gearing, dur- 
ing normal running. Provision is made 
whereby the drive may be automatically 
transferred from the motor to the tur- 
bine when the speed of the latter has 
attained a value which is sufficient to 
maintain the pressure in the oil system. 


Oil for the governor pump is taken 
from the lubricating system, so that the 
lubricant for both systems passes through 
a filter and cooler. 


FUEL SYSTEM 


The fuel-oil system is of simple de- 
sign and incorporates Lucas Simplex 
burners. The quantity of fuel delivered 
to the combustion chambers is regulated 
by a throttle valve in the pipe which 
supplies oil to the burners, the valve 
opening being controlled by the speed 
governor, through a high-pressure oil 
relay. A hand-controlled throttle valve 
is provided for use in starting the plant. 


The fuel pump is of the Lucas B type, 
and is driven through gearing from the 
compressor shaft. 


An emergency valve in the fuel sys- 
tem functions automatically to inter- 
rupt the supply, in the event of turbine 


over-speeding or failure of the lubricat- 
ing-oil pressure. The valve may also 
be closed by the manual operation of 
suitable trips on the turbine and on the 
control panel. 


Four of the eight interconnectors be- 
tween the combustion chambers are fit- 
ted with a torch igniter assembly, each 
comprising a thermocouple, a plug and 
the torch itself. Complete certainty of 
starting is ensured, as ignition in each 
chamber is effected directly from a 
torch. As a double safeguard against 
the failure of one or more torches, the 
interconnectors ensure satisfactory igni- 
tion in all the chambers. 
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SPEED CONTROL 


The speed-control governor is of the 
centrifugal type and is driven from the 
power-turbine shaft. 


To assist the governor during sudden 
changes of load, a small flywheel, housed 
in the reduction-gear casing, is fitted 
to the high-speed shaft. As remarked 
earlier, the rotating assembly of the 
compressor has been specially designed 
to ensure that its moment of inertia is 
reduced to the minimum. 


A handwheel on the governor allows 
the speed of the power turbine to be 
adjusted, at no-load, to within + 5 per- 
cent of the rated speed. A small electric 
motor incorporated in the governor gear 


allows this speed adjustment to be ef- 
fected from both the switchboard and 
the control panel. 


In addition to the main governor, 
emergency over-speed trip governors, of 
the shock-proof unbalanced-ring type, 
are provided. Such units are fitted to 
both the compressor and the power-tur- 
bine shafts, and they are arranged to 
operate an emergency shut-off valve in 
the fuel system. They function by de- 
stroying the pressure in the oil relay, in 
the event of the rated speed being 
exceeded by a predetermined amount. 


Hand trip-cocks are provided on the 
machine and on the control panel. 


STARTING 


The starting procedure is briefly as 
follows : 


The compressor is “run up” by an 
electric motor to a speed of approxi- 
mately 1500 rpm. (This operation re- 
quires about 16 hp.) 


The torch igniters are then lit by 
the sparking plugs and, when the 
thermocouples indicate that they are 
operating satisfactorily, the main fuel 
supply is switched on to the burners. 
Other thermocouples indicate when com- 
bustion has been established in each 
chamber, and the turbine is then accel- 
erated on the hand throttle valve. 


The starting motor continues to assist 
the turbine until a speed of approxi- 
mately 2500 rpm. has been attained, 
when the plant becomes self-sustaining 
and as its speed continues to increase, 


the starting motor is eventually dis- 
engaged by means of a_ free-wheel 
clutch. As the turbine speed approaches 
the no-load speed, the automatic gov- 
ernor assumes control of the fuel sup- 
ply through the oil-operated throttle 
valve, the time required to reach the 
no-load condition being approximately 
one minute. Normally, the turbine is 
run for five minutes in this condition 
for “warming up” before load is thrown 
on to the machine. If necessary, how- 
ever, the plant is capable of accepting 
full load without delay; the time re- 
quired to bring it to the full load con- 
dition being approximately 1% minutes. 


No barring-over is necessary after 
the machine has been shut down, but 
the circulation of oil to the bearings is 
continued for a few minutes. 


MISCELLANEOUS TESTS 


The compressor and compressor tur- 
bine were tested as separate, independ- 
ent units by the Bristol Aeroplane Co., 
Ltd. The results proved that the adia- 
batic efficiency of the compressor was 


86 percent (against a design figure of 
84 percent), while the compressor tur- 
bine exactly achieved the design effi- 
ciency of 85 percent at the designed 
point. 
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Tests on the combustion chambers at 
the normal working pressure, carried out 
by Messrs Joseph Lucas (Gas Turbines), 
Ltd., proved the combustion efficiency 
to be slightly in excess of 98 percent. 


With the aim of reducing flow-path 


losses to a minimum, aerodynamic tests 
were undertaken by Messrs. Allen at 
their Bedford works on scale models of 
the compressor inlet and outlet duct- 
ing, the heat-exchanger return header 
and the power-turbine exhaust diffuser. 


CONCLUSION 


The outstanding success which has 
attended the development of this im- 
portant project, brought to fruition in 
such a short space of time, has been 
achieved by concentrating on the prob- 
lems of the gas turbine a team, of able 
technicians and by the extension of 
Messrs. Allen’s facilities. 


A section of their Biddenham Works 
has been set aside for the assembly of 
gas turbines, and special machine tools 
for the manufacture of blading have 
been installed. In addition, on behalf 
of the Admiralty, they have built a fully- 


equipped test-house and the instrumenta- 
tion provided will afford comprehensive 
data on every aspect of gas-turbine per- 
formance. 


The work has been greatly facilitated 
by a consultancy agreement between 
Messrs. W. H. Allen, Sons & Co., Ltd., 
and the Bristol Aeroplane Co., Ltd., 
under which the Bedford firm receive 
design data, as well as advice in regard 
to methods of production and the use 
of certain special facilities for trials 
and testing. 
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I. INTRODUCTION 


In the final analysis, the most im- 
portant consideration in any type of 
machinery is the regulation. The ques- 
tion “How is it controlled?” will in 
most instances usually decide whether 
or not a particular type of machinery 
will be utilized for a specific job. A 
great deal has been published on both 
the open and closed cycle gas turbine 
and the purpose of this paper is to give 
a general summary of the part load 
considerations involved in both types 


of cycles, with particular reference to 
the closed cycle, using a marine propul- 
sion plant as an example. 

If an introduction into a marine pro- 
pulsion plant utilizing a closed cycle 
gas turbine plant is desired, it is sug- 
gested that the reader refer to “A Gas 
Turbine with Reference to A Cargo 
Vessel,” Paper No. 4 presented at the 
annual meeting of the Society of Naval 
Architects and Marine Engineers on 
15 November 1951. 
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II. PRELIMINARY CONSIDERATIONS 


The present status of gas turbine de- 
velopment has not been attained without 
numerous “teething” troubles. These 
preliminary troubles which are always 
associated with new developments gave 
rise to criticism which was, in part, 
more destructive than constructive. 
Part of the failure of early gas turbine 
plants was due to the fact that regula- 
tion problems were only considered 
from a stationary standpoint; i.e., the 
transient phenomena and _ associated 
overstressing of the materials due to 
mechanical and thermodynamic causes 
were not given sufficient consideration. 
This fact is, in a way, understandable 
because in steam turbine experience 
such phenomena had occurred to a much 
lesser extent or not at all; in the case 
of steam plants, large output variations 
cause rapid changes merely in the tur- 
bines, whilst the boilers, economizers, 
superheaters, feed pumps, pipes and 
auxiliaries follows the changes much 
more slowly. 


Even now, it is not possible to pre- 
calculate all of the transient conditions 
of such power plants on account of the 
many variables involved, the present 
lack of precise operating data and the 
difficulty of untangling the various fac- 
tors involved. Furthermore no complete 
results have been published for either 
the open or closed cycles in this regard 
and even if available, it would be prac- 
tically impossible to determine the rela- 
tive influences of the different com- 
ponents. It is possible to approximately 
determine the effect of the more influ- 
ential factors but the results of such 
estimates would have to be rigorously 
checked under actual operating condi- 


tions. The following example of the 


effects involved in a relatively simple 
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instance show clearly how complicated 
such calculations can be. The chosen 
example is that of the changes which 
occur in the recuperator. The tempera- 
ture of the tubes depends amongst other 
things on the pressure, velocity and 
temperature of the flow on both sides 
of the recuperator tubes; furthermore, 
on the temperature distribution in the 
gas itself and on the temperature gradi- 
ent along the tubes. All these variables 
are interlinked as well as being cum- 
bersome functions of time. 


A more complex example is afforded 
by the rotating turbo-machinery be- 
cause the individual shapes of the com- 
ponent elements (rotor, housing, blades, 
etc.) have a marked influence on the 
heat flow and temperature distribution. 
The impossibility of accurate calcula- 
tion of such local temperatures and con- 
sequent distortions makes it necessary 
to leave adequate clearance for blading 
and rotor expansion. This is especially 
important where austenitic steel is used 
because this has a high coefficient of 
expansion and gives rise to differential 
stress problems. As a result of these 
larger clearances, assumed efficiencies 
must be conservatively estimated. 


A simple example of how the pres- 
sure and other defining conditions of a 
gas vary with time whenever a change 
is introduced into the systern is given 
in Section V-3 below. Such calcula- 
tions may be carried out after an ap- 
proximate determination of the time 
constants on the basis of the design 
dimensions. These calculations will 
serve for deriving a preliminary esti- 
mate of the variation of the temperature 
with time and of ‘the stresses involved. 
During the transient period, distortions 
of the otherwise linearly associated cir- 
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cuit variables will occur; i.e., the cycle 
diagrams (in so far as it is possible to 
consider them) will undergo relative 
distortions. 


A marine gas turbine plant has a 
considerable advantage over a station- 
ary gas turbine plant from the point of 
view of regulation. In a stationary elec- 
trical power plant, the load changes are 
dictated from outside; i.e., by the con- 
sumers. These changes can occur at 
random; i.e., completely unexpectedly. 
In a ship, however, the changes are 
governed by the operating personnel 
and a constant watch on the control 


Ill. CYCLE 


The most acceptable open cycle ma- 
rine gas turbine plant is one with an 
independent output turbine. This per- 
mits a greater flexibility in maneuver- 
ing and in the control of the propeller 
RPM without disturbing the compressor 
group, which will be able to adjust itself 
to an optimum speed. This arrange- 
ment compromises the surging problem 
because the danger of auto-excited surg- 
ing of all the units is increased when 
the compressor work is extracted from 
the LP turbine. When the load of the 
HP turbine (output turbine) is suddenly 
increased, the LP turbine will tend to 
experience a momentary decrease in 
output causing the compressors to de- 
liver less, whereas they should deliver 
more because of the HP turbine load 
increase. 


A further difficulty associated with 
the open cycle process using reheat is 
the regulation problem which arises with 
two combustion chambers in series with 
one another. 


The above discussion of the open 
cycle assumes a two-shaft unit and 


panel during a particular desired change 
enables overshooting of the mark and 
associated fluctuations to be avoided. 
Pressure fluctuations may cause surging 
of the compressors. These phenomena 
may, to some extent, be avoided by 
means of special safety devices, more 
reliably, however by experienced manip- 
ulation of the controls. It should, fur- 
thermore, be stressed that the replace- 
ment of automatic regulation by manual 
control eliminates a possibility of un- 
stable regulation; this is so because the 
automatic regulation equipment involves 
“feedback” and is therefore liable to 
fluctuations. 


POSSIBILITIES 


temperature regulation. It is also pos- 
sible in the open cycle to use flow con- 
trol by regulating the weight rate of 
flow through the output turbine; either 
with a relief valve after the compressor 
or with a by-pass valve on the output 
turbine. 


In contrast to the open cycle, it is 
not as necessary to use reheat:.in the 
closed cycle plant because the air rate 
of itself is smaller. The danger of 
aerodynamically excited surging’ is de- 
creased because the flow conditions re- 
main practically the same at all loads. 
The useful work is best extracted from 
the low pressure end of the expansion; 
that is, a LP output turbine.. Thus, the 
closed cycle has the advantage of a 
stable compressor group much less 
affected by instantaneous changes in the 
useful output of the LP turbine. 


It is interesting to note that the 
thermodynamic losses decrease slightly 
at part load for the closed cycle in con- 
trast to the steam cycle, where there is 
a marked increase. This decrease for 
the closed cycle is caused by the greater 
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effectiveness of the heat exchanger and 
coolers at part load. The latter cause a 
lower temperature at compressor inlet 
and since the HP turbine inlet tempera- 
ture is maintained constant, the effi- 
ciency is slightly increased (Carnot). 


The following tabulation gives a quali- 
tative comparison of equivalent closed 
gas and steam turbine plants at full 
and % load. One hundred percent signi- 
fies the heat content of the fuel oil. 
Ideal efficiency is defined as the effi- 


ciency of the idealized cycle with no 
irreversible processes (100 percent re- 
cuperator effectiveness, 100 percent in- 
ternal machine efficiencies, and no pres- 
sure drops in the piping). The gas 
turbines closed cycle is assumed to oper- 
ate between 650° C., and 20° C. with 
a pressure ratio of 4. The steam cycle 
is assumed to have a temperature of 
450° C., 3 stage regenerative preheat- 
ing and a steam pressure of 25 Kg/cm? 
and a condenser pressure oi 0.1 Kg/cm?. 


Fuel Oil 
Ideal Efficiency 
Thermo Losses (100-n).......... 
Mech. Losses 
Other Losses 


GAS TURBINE STEAM 
FullLoad % Load Full Load 4 Load 

100 100 100 100 
62 63 40 30 
38 37 60 70 
2(max.) 10 0.5 + 
30 31 14.5 20 
30 22 25 16 


Useful Work 


IV. DESCRIPTION OF OPERATION 


The closed cycle plant has several 
possibilities of part load operation. For 
maneuvering and unexpected changes 
in load, it is possible to by-pass the LP 
turbine. This affords an instantaneous 
means of decreasing and subsequently, 
increasing the load. Generally, the LP 
turbine by-pass valve is linked with the 
LP turbine throttle valve in order to 
maintain approximately a constant pres- 
sure drop across the HP turbine. Since 
the weight rate of flow remains con- 
stant, the procedure can be repeated as 
often and as quickly as desired. The 
part load efficiency is poor because of 
the throttling process in the by-pass 
valve. It may be necessary, in very ex- 
treme cases, to install a by-pass cooler 
in order to prevent overheating of the 
recuperator tubes. 


For expected permanent changes in 
ship’s speed, pressure regulation is used ; 


that is, the pressure level is varied by 
decreasing or increasing the weight 
rate of flow. 


Decrease of the load can be accom- 
plished through a relief valve on the 
high pressure side of the system be- 
tween the HP compressor and recupera- 
tor, permitting release of the working 
medium and a corresponding decrease 
in pressure. 


To increase the output, the pressure 
is built up with the air compressors, or, 
for rapid increases, with the air ac- 
cumulator. For slow increases of load 
and to replace leakage losses, the com- 
pressors pump into the LP side of the 
system between the recuperator and the 
pre-cooler. The latter thus removes the 
heat of compression. 


For rapid increases, air from the 
accumulator is injected into the HP 
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or, Fic. 1—PERFORMANCE OF A CONTROLLABLE-PITCH PROPELLER 


This figure gives the horsepower absorbed by one propeller at various ship’s speeds, pro- 


ad peller pitch settings (P/D) and shaft RPM. The data were obtained from self-propelled 
m- model tests and plotted by the David Taylor Model Basin, Washington, D. C. 


the side of the system between the HP com- 
pressor and the recuperator in order 
in to obtain an initial positive load in- 
IP crease. Injection on the LP side of the 
system would give an initial negative 


effect because the turbine back pressure 
would be increased and the compressor 
action would be transiently compro- 
mised. 


In discussing part load operation, the 
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problem must be segregated into con- 
stant and variable speed considerations. 
A controllable pitch propeller simpli- 
fies the maneuvering but for large 
changes in ship’s speed (for example 
when bad weather is encountered), 
neither constant RPM nor constant pitch 
is best for all loads. There is an opti- 
mum combination of pitch setting and 
propeller RPM but this combination is 
difficult to predict because of the many 
variables such as fouling of the ship’s 
hull, wind and sea. Propeller pitch 
adjustments may be controlled from the 
bridge, engine room, or the shaft-alley 
itself. Bridge control is excellent for 
maneuvering and emergencies. 


The final decision as to the use of 
constant or variable RPM depends upon 
the propeller and turbine characteristic 
curves. The curves in Figure 1 would 
seem to indicate that for a variation 
in speed from 18 knots (approximately 
full load to % load), the change in SHP 
at normal pitch setting (P/D = 1) is 
from 1920 SHP (236 RPM) to 370 SHP 
(137 RPM). On the other hand, the 
change at constant speed (236 RPM) 
and variable pitch settings (from 
P/D =0.53) is from 1920 SHP to 
450 SHP; an excess of 21.6 percent 
(80/370) in SHP for constant RPM 
operation. 


Assuming that the LP turbine in- 
ternal efficiency decreases to 75-80 per- 
cent the full load value (if the design 
point is chosen at the point of optimum 
efficiency) at % load when variable 
RPM operation is used, it is evident 
that constant RPM operation can be, all 
in all, as efficient as variable RPM oper- 
ation. However, as mentioned, there is 
an ideal combination which gives the 
best over-all efficiency and the final 
combination will depend mainly upon 
the propeller characteristics. 


Thus, it is more conservative in the 
discussion of part load to consider that 
a normal pitch setting is maintained for 
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Fic. 2—SHaArt HorsEpOWER AND RPM 
Curves For A C-3 Carco VESSEL. 


At the Rated Shaft Horsepower of 8,500, 
the ship’s speed is 17.8 knots at a propeller 
speed of 84 RPM. 


large speed variations; small speed ad- 
justments can be more efficiently made 
by varying the propeller pitch. This is 
an additional advantage of the con- 
trollable pitch propeller, because it is 
possible to avoid the critical speed range 
of the machinery by a slight adjustment 
of the pitch. 


Variable speed operation may seem 
to be contrary in principle to the fact 
that the closed cycle can load merely 
by changing the density of the operat- 
ing medium. However, for shipboard 
use, it is better to be conservative and 
to accept the controllable pitch propel- 
ler primarily for its reversing feature. 
If operating results indicate that con- 
stant speed operation is preferable, the 
conditions can only be more simplified. 


In general, cargo vessels follow the 
propeller law (Power proportional to 
the cube of the ship’s speed) rather 
closely but in this case, the more accu- 
rate data from Figure 2 will be used. 
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CHANGE FROM STEADY STATE AT FULL LOAD TO STEADY STATE AT %& LOAD (OR 
CONVERSELY ), CORRESPONDING TO APPROXIMATELY ONE-HALF SHIP'S 
SPEED (PROPELLER LAW). 


Assumptions 


a) All temperatures remain ap- 
proximately the same‘ that is, only 
pressure regulation is used. 


b) The propeller pitch is main- 
tained in the normal setting (P/D = 
1). The RPM of the LP turbine varies 
in accordance with the ship’s char- 
acteristic curves of Figure 2. 


c) The circuit pressure under sta- 
tionary conditions varies as_ the 
weight rate of flow. This presupposes 
the same circuit velocity and RPM as 
at full load. Pressure ratio remains 
constant. The LP turbine internal 
efficiency decreases with the variation 
in RPM because the unit is designed 
for maximum efficiency at full load. 
In cases where a great deal of part 
load operation is expected, the unit 
is sometimes designed so that its full 
load operating point is to the right 
of the peak of the efficiency versus 
load curve. In this way, a better part 
load efficiency is obtained. However, 
in the case of a cargo vessel which 
operates mainly at full load, the de- 
sign point is for maximum LP tur- 
bine efficiency. At % load the effi- 
ciency of the LP turbine will be, as 
stated, approximately 75 percent of 
the full load value; in this case about 
67 percent (0.75 x 0.90). 


d) The speed of the compressor set 
driven by the HP turbine will be 
approximately constant for all loads. 
A slight speed variation (about 2 
percent for % load) will, however, 
occur at part load to compensate for 
the increased percentage of mechani- 
cal losses (Absolutely, mechanical 
losses will remain roughly constant). 


e) The compressor set is stable. 
This is shown in Figure 3 which 
gives the relative compressor and 


A-BALANCED CONDITION 


8- TURBINE OUTPUT AT nz 
WITH THE SAME G 


ai C-COMPRESSOR LOAD AT 
WITH THE SAME G 
O-CONDITION AT Ne WITH 
GREATER G 
(kg/s} 


Fic. 3—RELAtTIVE Compressor & TURBINE 
CHARACTERISTICS. 


turbine characteristic curves. It is 
evident that an increase of compres- 
sor speed from n, to n, causes the 
compressor power requirements to in- 
crease beyond the turbine output at 
the same rate of flow (G); that is, 
point B is lower than point C. Thus, 
the compressor requires more power 
than is available and takes kinetic 
energy from the shaft, causing the 
latter to reduce speed back to n,. A 
mathematical analysis of the self- 
stabilizing action has been given in 
the literature.” 


2. Effects 


As shown in Figure 4, this case 
causes the cycle diagram to move across 
the entropy chart to the lower pressure 
levels, as determined by the weight rate 
of flow. The only change in the shape 
of the diagram will be a variation in 
the low pressure turbine expansion, 


Fic. 4—C.Losep CycLe CHANGE From FULL 
Loap to % Loap UNDER STATIONARY Con- 
DITIONS. 
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Fic. 5—Open Cycie Part Loap DraGRAM 
SHOWING THE INFLUENCE OF TEMPERATURE 
REGULATION, 


which will have a different slope due 
to the variation in internal efficiency. 
It should be noted, however, that after 
an initial rapid change (the so-called 
momentary effect), the changeover or 
transient period, equilibrium of the 
process is disturbed in a very advan- 
tageous fashion which tends to acceler- 
ate the transition. 


The control of the process is quite 
simple because the HP turbine inlet 
temperature remains practically con- 
stant due to the stabilizing effect of 
the heat energy in the air heater (Large 
Mass). 


The over-all plant efficiency will 
naturally be lower due to the decrease 
of LP turbine internal efficiency and 
the increase in the percentage of mechan- 
ical losses at part load. The HP turbine 
and compressor group will maintain 
about the same RPM and internal effi- 
ciency and thus, will not contribute to 
the decrease of over-all plant efficiency. 


This is in contrast to an open cycle 
plant, which uses temperature control 
rather than pressure control. As shown 
in Figure 5, both the pressure ratio and 
the inlet temperature to the HP turbine 
decrease, causing a much greater de- 
crease in over-all plant efficiency than 
in the case of the closed cycle (Carnot). 
In addition, it is more difficult to main- 


tain a constant HP turbine inlet tempera- 
ture in the case of the open cycle be- 
cause a small variation in the fuel rate 
produces a large variation in tempera- 
ture. 


3. Elementary discussion of the injec- 
tion and “blow-off” processes. 


As mentioned in section IV above, the 
air from the accumulator is injected into 
the closed circuit immediately after the 
HP compressor into a space consisting 
of the recuperator, air heater and con- 
necting pipes; V in Figure 6. The air 
enters at 1 and leaves at 2. It is as- 
sumed that: 


a. The temperature at 2 remains 
constant because, as previously men- 
tioned, the large mass of the air 
heater tends to stabilize the tempera- 
ture. 


b) Initially, the pressure at the LP 
turbine exit remains sensibly constant 
so that the weight rate of flow may 
be approximately assumed propor- 
tional to the pressure at turbine inlet. 
Therefore, 

G, G, P/Po 
where 
G, = weight rate of flow at 2 
G, = weight rate of flow in the steady 
state prior to change (t= 0). 

p = local pressure in the volume V 

P. = local pressure in the volume V 
at time t=0 when injection 
commences. 


2 3 4 


Fic. 6—DIMENSIONLESS SHow- 
ING PressuRE CHANGE VERSUS TIME 
WHEN Arr Is INJECTED or BLED From Sys- 
TEM. 
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c) The “mixing” process in V is 
isothermal. 


If G, represents the weight rate of 
flow entering the volume V, then the 
equilibrium condition before the change 
was 


G,=G,=G, 


Since the “mixing” process is essen- 
tially an isothermal one, it follows from 
the gas laws that 


G,=G, 


Assume that the initial change of G 
takes place according to a linear law; 
i.e., that 

G=G. (1-22 
where ¢ is a dimensionless constant 
symbolizing the rate of change of flow. 


The plus sign signifies the injection 
of air and the minus sign the release 
of air (through the relief valve). t; is 
the time to charge the Volume V when 
the weight rate of flow is G. 


The effect of this linear change of G 
on the pressure p may be found from 
the following continuity equation. 


(G, — G,) dt = V dg 
G, (1+ et/t;) dt— G, f/f, dt = V dg 
Division by G,/f, gives 
fo (1 + et/t,) dt — {dt =(VE,/G,) dé 
The quantity VfZ,/G, represents the 
time t, defined above. By introducing 


the dimensionless pressure or density 
ratio z, defined as 


x= p/P, = 


into the above equation, there results - 


Solving 
waite 


The solution of this equation is 
shown graphically in Fig. 6. The influ- 
ence of the volume V in delaying the 
pressure increase is thus seen. The 
diagram shows that the smaller the 
value of t;, the more rapidly a given 
pressure increase will be attained. 
Small values of ty; are associated with 
small values of the ratio V/G,. (The 
smaller the unit, the smaller the ratio 
V/G,). The smaller V for a given 
weight rate of flow, the more rapidly 
can maneuvering operations be carried 
out. 


Actually, of course, the injection proc- 
ess is much more complicated than 
assumed due, ie., to the frictional re- 
sistances in the tube of the recuperator 
and air heater, as well as in the con- 
necting piping. Furthermore, the tem- 
perature varies slightly and the turbine 
back pressure does not remain constant. 
It would be possible to allow for these 
influences by means of more compli- 
cated functions for G, and G,. 


VI. TEMPORARY CHANGE FROM FULL LOAD TO 48 LOAD (AND CONVERSELY ) 
FOR MANEUVERING PURPOSES 


1) Assumptions 


a. The weight rate of flow in the 
closed cycle remains the same. 

b. As previously mentioned, the 
by-pass valve and the LP turbine 
throttle valve are interlinked so that 
the pressure drop across the HP tur- 

_ bine remains approximately the same 
as at full load. Actually, as shown in 
Figure 7, the pressure drop across -the 
HP turbine is initially slightly in- 


creased because of the decrease in 
total “resistance,” when the by-pass 
valve is opened. 


c. The inlet temperature to the HP 
turbine remains constant. The ‘exit 
temperature from the LP turbine is 
much higher than at full load because 
the throttling process through the by- 
pass valve is at practically constant 
temperature; the final mixing tem- 
perature is approximately 90° C. 
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Fic. 7—CLosep CycLE MANEUVERING WITH 
Bypass AND THE LP TurBINF VALVE. 


higher than the LP turbine exit tem- 
perature at full load. 


d. The heat exchanger effectiveness 
remains about the same as at full 
load. Therefore, the inlet temperature 
to the precooler is about 30° C. 
higher than at full load. This increase 
can be largely eliminated in the pre- 
and intercoolers. (Increase of cool- 
ing water and outlet temperature). 


2) Effects 

This case is shown in Fig. 7 and 
since only a small portion of the flow 
is utilized in the LP output turbine, it 
is obvious that the over-all efficiency 
will be poor. However, the procedure 
can be repeated as often and as quickly 
as required; this is ideal from the stand- 
point of maneuverability. 


When the by-pass valve is opened, 
the total “resistance” of the HP turbine 
in series with the LP turbine and the 
by-pass valve in parallel decreases. This 
decrease can be considered in the de- 
sign; but should it occur, the pressure 
drop in the HP turbine will increase 
and that in the low pressure will de- 
crease (see Fig. 7). This is best ex- 
plained by Figure 8 which shows the 
approximate turbine and compressor 
characteristic curves. It is seen that 


the opening of the by-pass valve with 
its associated initial decrease in total 
“resistance” will result in a lower LP 
turbine characteristic; in other words, a 
smaller pressure drop across the LP tur- 
bine (DE is less than AB). At the 
same time, the drop across the HP tur- 
bine is increased (EF is greater than 
BC). It is to be noted that this is an 
instantaneous effect. It is possible, that 
after a short period, the compressor 
curve in Fig. 8 would be higher, pos- 
sibly resulting in an ultimately lower 
LP turbine exit pressure. 


Since the main reason for utilizing 
the by-pass valve is for maneuvering 
purposes, the operation may, depending 
upon circumstances, be made in conjunc- 
tion with the variation of propeller 
pitch. In fact, for all sudden changes in 
ship’s speed, the combination of by-pass 
and propeller pitch control will generally 
be the initial method of operation be- 
cause together they afford the fastest 
possible means of changing ship’s speed. 


This simple and instantaneous ma- 
neuvering (decrease and increase of 
load) cannot be’ accomplished with the 
open cycle. The load in the latter can 
naturally be decreased in the same man- 
ner (by-pass of HP turbine) but would 


§ 
4p, 
4Pyor' | 
CF G (kg/s) 


Fic. 8—RELATIVE TURBINE AND COMPRES- 
sor CURVES. 

This shows the influence of the Bypass 
valve on the pressure. 
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8. ACCUMULATOR 

9. MAKE UP COMPRESSORS 

10. GHECK VALVES 

11, OUTLET VALVE 

12.DISCHARGE VALVE (ESCAPE VALVE ) 
13.PRECOOLER 


',REVERSE PITCH CONTROL 

2.LP TURBINE SHEET OFF VALVE 

3.L P TURBINE BY PASS VALVE 

4.LP TURBINE OVERSPEED GOVERNOR 
5. HP TURBINE OVERSPEED GOVERNOR 
6.COMP TURBINE SET BY PASS VALVE 14. INTERCOOLER 

7. AGGUMULATOR INLET AND OUTLET VALVES IS. COOLER FOR BY PASS AIR 


Fic. 9—Controt System ScHEMATIC DRAWING For A CLosep CycLE MARINE Gas TurBINE SET 


egain turbine rotor will be higher than that 


require three to four minutes to r 


full load output. 


ansfer 


of the working medium and the tr 
of heat would momentaril 
rotor to working medium. 


y be from 


As a result, 


Moreover, it is possible that imme- 
diately after a large open cycle load 
variation, the temperature in the HP 


there could be a fluctuation in tem 


2 


pera- 


ture before the steady state is reached. 
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V1I. SUDDEN UNEXPECTED INCREASE FROM 1 LOAD TO FULL LOAD 


If the plant is operating on the LP 
turbine by-pass valve with the maximum 
weight rate of flow in the circuit, it is 
only necessary to close the by-pass valve 
and open the LP turbine throttle valve, 
as discussed in the previous case. 


The other possibility occurs when the 
plant is operating at reduced pressure 
levels and it is necessary to use the air 
accumulators and the air compressors. 
The air accumulator will have only one- 
half the air capacity of the circuit and 
it will be necessary to use the air com- 
pressors to reach full load. Naturally, 
the air accumulator could be made 
larger, if desired, as the increased space 
would not be prohibitive. In general, 
when maneuvering is anticipated, such 


as in harbors, etc., the plant would be 
partially operated on the LP turbine 
by-pass valve. 


The time required to increase from 
¥% to full load depends upon the capac- 
ity of the air accumulator. Provided 
that a sufficiently large accumulator is 
chosen, the closed cycle plant can be 
brought up to full load just as quickly as 
the open cycle; that is, in about 3 to 4 
minutes which is more than ample for 
ship acceleration. However, in this par- 
ticular case where the air accumulator 
has one-half the circuit capacity, the 
required time for the closed cycle plant 
to increase from % to full load would 
be about 15 minutes. 


VIII. BACKING FROM FULL LOAD AHEAD TO FULL LOAD ASTERN 


This would be accomplished with the 
LP turbine by-pass valve and the varia- 
tion of propeller pitch in order to ac- 
complish the maneuver in minimum 
time. 


It would be necessary to reduce the 
RPM of the LP turbine about 30% in 
anticipation of the shaft acceleration 
resulting from the decreased resisting 
torque of the water on the propeller as 
the blades move through the point of 
minimum resistance. Due to the in- 


creased braking action of the blades in 
the normal position, it is faster to allow 
the RPM to decrease at normal pitch 
and then to adjust the blade pitch. 


Emergency backing is accomplished 
in less time* with a controllable pitch 
propeller because the momentum of the 
rotating masses (turbine and shafting 
with propeller) need not first to be de- 
stroyed (by reversing). Furthermore, 
as mentioned, there is no time lag in the 
transmission of signals as the propeller 
pitch can be controlled from the bridge. 


IX. CONCLUSION 


The qualitative considerations of this 
discussion permit the conclusion to be 
drawn that the security of operation, 
especially from the maneuvering stand- 
point, is greater, the smaller the dimen- 
sions of the installation. This confirms 
our choice of the closed cycle, especially 
in regards the machinery. 


It also leads one to the belief that 
for very large outputs, it would be 
preferable to generate the shaft horse- 
power output in a multiplicity of sepa- 
rate units, tending towards smaller di- 
mensions (Stable operation!). While 
this might increase the cost of the in- 
stallation in a stationary power plant it 
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is, however, the trend in ship design to 
have a power plant embracing a multi- 
plicity of units. Particularly for naval 
vessels, which operate mainly at low 
part loads, this is an important con- 


sideration because it affords higher effi- 
ciency, security of operation and a stra- 
tegic subdivision of the engineering 
spaces. 
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For the purpose of this survey, the 
marine engineering activities of the 
past year can most conveniently be con- 
sidered under three headings, vis., ma- 
chinery for tank ships, for dry-cargo 
ships and for special-purpose vessels. 
The year just closed has been indis- 
putably a “tanker year,” a large propor- 
tion of the shipbuilding contracts com- 
pleted having been for ships of this 
class. In this connection, it is signifi- 
cant that the United States of America 
has recently become an_ oil-importing 
country, whereas, previously, oil was 
one of her exports—a_ circumstance 
which has occasioned certain changes in 
tank-ship design, particularly in regard 
to machinery installation. 


Tank ships are now required to trans- 
port their cargoes over much greater 
distances than formerly, and fuel eco- 
nomy is vitally important, especially 
when the high power of the very large 
vessels of the class is borne in mind. 
Moreover, the size of these large, fast 
tankers (one of 31,000 tons deadweight 
was launched in Great Britain during 
the year, and two of 40,000 tons were 
ordered in Germany towards the end 
of 1951) calls for powers which bring 
them, with one or two exceptions be- 
yond the point at which a single direct- 
coupled Diesel engine is a_ practical 


possibility at present. As vet, only the 
first few ships of the class have been 
delivered, and the full effect of the many 
orders for them will not be felt for 
some time. The large ore-carriers now 
being built present somewhat similar 
problems, and only those in the higher 
range of service speeds are to have 
steam machinery. 


No such trend can be discerned in the 
sphere of dry-cargo ships. Some hither- 
to steam-minded owners (for example, 
the Booth Line and Messrs. T. & J. 
Harrison, Ltd.) have ordered motor- 
ships as well as steamships; while the 
Pacific Steam Navigation Company 
who, since the early 1920’s, have had 
built for them only motorships, have 
taken delivery of a number of fast cargo 
steamships. The increasing cost of over- 
hauls and voyage repairs, particularly 
when the vessels concerned trade to 
ports where embargoes on heavy car- 
goes are in force, have no doubt been 
a powerful factor in encouraging some 
owners to adopt steam-turbine machin- 
ery for installations of medium and 
large power. In Germany, where the 
two principal shipping companies have 
embarked upon an extensive reconstruc- 
tion program, the decision to employ 
turbine machinery has been largely dic- 
tated by the grave shortage of Diesel- 
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trained engineers, consequent, to a large 
extent, upon the heavy losses of U-boats 
during the late war. 


A wide range of machinery has been 
adopted for special-purpose vessels and, 
in this category, mention should be made 
of the series of passenger-cargo steam- 
ships being built in Scandinavia for the 
Finland-Stockholm services. These ves- 
sels are to be fitted with an improved 
form of quadruple-expansion engine, 
with inter-stage turbo-compression. We 
understand that this type of machinery 
was chosen for reasons of quietness of 
working, and also to assist continuous 
operation at very low speeds, in nego- 
tiating icefields. 


Diesel-electric propulsion continues 
to be favored for ferry vessels, suction 
dredgers, United States harbor tugs and 
Mississippi ‘‘push boats,” in which spe- 
cial maneuvering characteristics are re- 
quired. 


The year 1951 will be memorable not 
least in that, during its course, the first 
major gas turbine-engined ship has 
crossed the Atlantic. We refer, of 
course, to the oil-tank ship Auris, and 
even if the gas-turbine alternator set 


represents only one-quarter of the total 
power output, the good showing of the 
British Thomson-Houston gas turbine 
during the first voyage with the new 
prime mover augurs well for the future. 


In the United States of America, the 
construction has begun of an atomic- 
powered submarine; and, though one’s 
thoughts on this first application of a 
modern development in nuclear physics 
to marine propulsion must be tinged 
with regret, the technical achievement 
which its success will, in due course, 
represent, should stimulate endeavor in 
a wider field. 


Developments in auxiliary equipment 
have kept pace with propelling-machin- 
ery progress, and the use of alternating- 
current systems for auxiliary power at- 
tracts increasing attention. The operat- 
ing characteristics of deck machinery 
remain the principal impediment to the 
wider adoption of this simpler, less cost- 
ly and generally more desirable method 
of power generation and utilization in 
ships; but leading electrical manufac- 
turers, both in this country and abroad, 
are studying the problem closely in an 
effort to reduce the weight, cost and 
complication of a-c deck equipment. 


STEAM TURBINES 


There is no sign that, for merchant 
ships, markedly advanced steam condi- 
tions are gaining general acceptance in 
this country. As Captain (E.) W. Greg- 
son, R.N.R., M.Sc. (Eng.), mentioned 
in his paper entitled “Oil-fired Marine 
Boilers,” before the World Power Con- 
ference, the need to incorporate expen- 
sive alloy steels in superheaters does not 
arise with steam conditions below those 
represented by a pressure of 450 Ib. 
per sq. in. and a temperature of 750 deg. 
F. In the higher-power range, however, 
the improved cycle efficiency associated 
with more advanced conditions, rep- 
resented by 600-650 Ib. per sq. in. and 
850 deg. F., has justified the increased 
prime cost of the plant. 


The “moderate” school of thought is 
exemplified in the liners Kenya, owned 
by the British India Steam Navigation 
Co., Ltd., and the Ocean Monarch, be- 
longing to Messrs. Furness, Withy & 
Co., Ltd. In the former, steam at a 
pressure of 430 Ib. per sq. in. and a 
temperature of 750/600 deg. F. is sup- 
plied to the single-reduction geared tur- 
bines of 11, 200 S.H.P.; while, in the 
latter, steam at a pressure of 425 lb. 
per sq. in. and a temperature of 750 
deg. F. is supplied to the double-reduc- 
tion plant, of 11,500 S.H.P. 

There are, of course, exceptions, 
among which may be mentioned three 
8000-S.H.P. sets of three-casing tur- 
bines, being built at the Trafford Park 
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Works of the .Metropolitan-Vickers 
Electrical Co., Ltd. These installations, 
designed to take steam at a pressure of 
600 Ib. per sq. in. and a temperature 
of 950 deg. F., are intended for the 
N-class cargo liners of the Blue Fun- 
nel Line. Their construction is now 
well advanced and the first set is ex- 
pected to undergo shop steaming trials 
early in 1952. 


The important paper read in London 
before the International Conference of 
Naval Architects and Marine Engineers 
by Mr. Mark L. Ireland, Jr., on behalf 
of himself and his co-authors, and en- 
titled “Higher Steam Conditions for 
Ships’ Machinery,” provoked a lively 
discussion, which amply demonstrated 
that interest in the question is very 
much alive in this country, even though 
a somewhat conservative policy is being 
pursued. 


The trend in naval machinery was 
revealed in a paper before the Royal 
United Services Institution, in which 
Captain (E.) C. P. Gallimore stated 
that the anti-submarine vessels now 
projected would operate with higher 
steam pressures and temperatures than 
those employed in the present program 
of Daring-class destroyers, viz., 600 Ib. 
per sq. in. and 850 deg. F. Incidentally, 
the Daring, the flotilla-leader and first 
of the class to be completed, carried out 
preliminary trials off the Northeast 
Coast in the late autumn. Built by 
Messrs. Swan, Hunter and Wigham 
Richardson, Ltd., the vessel is propelled 
by geared turbines, constructed by the 
Wallsend Slipway and Engineering Co., 
Ltd., in accordance with designs pre- 
pared by Pametrada. 


It is worthy of record that three dif- 
ferent types of turbines will be fitted in 
the eight vessels of the Daring class, 
and we believe that a number of boiler 
designs will be represented—a circum- 
stance which will provide data for a 
close comparison of the performance and 
practical merits of each. design. 


From the technical. point of view, 
the most interesting geared-turbine 
plant completed in this country during 
the year under review is that installed 
in the oil-tank steamship British Ad- 
venture—the first of a series of 28,000- 
ton ships ordered by the British Tanker 
Co., Ltd. In this particular installation, 
built at the Barrow-in-Furness engine 
works of Messrs. Vickers-Armstrongs, 
Ltd., to design information provided by 
Pametrada, a 14-stage all-impulse h.-p. 
ahead-turbine is cross-compounded with 
a two-flow 15-stage all-reaction 1.-p. 
ahead turbine. A separate h.-p. astern- 
turbine rotor, in a separate casing, is 
overhung, from the forward end of the 
h.-p. ahead-turbine shaft. Steam is ad- 
mitted at a pressure of 420 lb. per sq. 
in. and a temperature of 740 deg. F. to 
the first h.-p. ahead stages, through 16 
“always open” and nine adjustable noz- 
zles. The fabricated 1.-p. turbine cas- 
ing, which houses a cast-steel barrel 
carrying all the ahead stationary blad- 
ing, is supported at the horizontal 
center-line to reduce the effects of dif- 
ferential expansion and to preserve the 
alignment of the fixed and moving mem- 
bers under all conditions—a practice 
which follows the success achieved by 
the Pametrada single-casing turbines, 
described in Dr. T. W. F. Brown’s 
paper on “Geared Steam Turbines for 
Merchant-ship Propulsion,” before the 
North-East Coast Institution of Engi- 
neers and Shipbuilders, in 1950. The 
l.-p. astern element is arranged within 
the l-p. ahead casing. The normal 
service power of the set, viz., 12,500 
S.H.P., is developed at a propeller speed 
of 112 rpm., the h.-p. turbine develop- 
ing 7125 hp. at 3988 rpm. and lL.-p. 
turbine 5375 hp. at 3662 rpm. 


Steam is supplied by two Foster 
Wheeler D-type boilers, regulated by 
Bailey automatic combustion-control 
equipment. The boilers are installed on 
a flat aft of and above the articulated 
double-reduction gearing. The interest- 
ing alternating-current electrical sys- 
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tem is discussed in a later section of 
this survey, under the heading Elec- 
trical Equipment. 

Mention of single-casing geared tur- 
bines recalls that, following the success 
achieved in the cross-Channel steam- 
ship Brighton, two further twin-screw 
installations of this type are being in- 
stalled at Dumbarton in the British 
Railways’ Normannia (for the Havre- 
Southampton service) and Lord Warden 
(a passenger and motor vehicle ferry). 

In the United States of America, a 
3000-S.H.P. single casing turbine has 
been built by the General Electric Com- 
pany, Schenectady, for the re-engined 
Great Lakes vessel Homer D. Williams. 
In this particular set, the locked-train 
(or “dual tandem,” which we are now 
informed is the correct term) double- 
reduction gearing employs pinions with 
teeth hardened to as much as 300/350 
Brinell. A substantial saving in space 
has been achieved, not to mention a 
50 percent increase in speed, with half 
the previous steam consumption. As 
great interest is at present being paid 
to the rejuvenation of the Great Lakes 
fleet of steamships, some of which are 
of considerable age, it can be reliably 
expected that further installations of 
this type will follow. 


Among unusual turbine plants com- 
pleted during the year is that of the 
French cable-laying steamship Ampere, 
a product of the Penhéet organization’s 
Normandie Yard, at Grand-Quevilly, 
near Rouen. In this vessel, geared tur- 
bines drive Penhdet-Escher Wyss vari- 
able-pitch propellers, whereby, it . is 
claimed, the necessary “creep” speeds 
for cable-laying operations can be ob- 
tained. 

In regard to turbine sets of smaller 
power, the order which the Manchester 
Liners, Ltd., placed with Messrs. Cam- 
mell Laird and Co., Ltd., for a pair of 
cargo steamships, each of 2850 tons 
deadweight, deserves mention. With 
these ships—the first of which is to be 
aptly named Manchester Pioneer—the 


owners propose to enter the United 
Kingdom-Great Lakes trade. The ves- 
sels will undoubtedly provoke much in- 
terest, as turbine engines suitable for 
ships of this size have not been built 
in this country for some years. 


A feature of many of the steam-tur- 
bine installations completed during the 
year has been the extent to which stand- 
ard turbine frames were employed. Here, 
we see the influence of the Pametrada 
organization, which serves as a central 
design office for member firms of the 
Association. Examples of this may be 
seen in the 11,000-S.H.P. three-casing 
turbines in the 28,000-ton tank ships of 
the Velutina class, recently added to the 
fleet of the Anglo-Saxon Petroleum Co., 
Ltd. These turbines, with their artic- 
ulated double-reduction gearing, are 
very similar to those installed in the 
Blue Star liner Tasmania Star (12,000 
tons gross) ; while almost identical tur- 
bines, but with interleaved gearing, 
were fitted two years ago in seven new 
steamships of the Blue Funnel Line. 
Similarly, the largest tank ship so far 
launched in this country—the World 
Unity—will have two-casing machinery 
identical with that in the British Ad- 
venture. Many other instances could be 
cited to demonstrate this common-sense 
economy in design work, patterns and 
material. A parallel development in 
shore practice is the recent decision of 
the British Electricity Authority that, 
in future, only 30-MW. and 60-MW. 
turbo-alternators will be installed in their 
power stations. 


As is well known, there are no foreign 
member-firms in the Pametrada organi- 
zation, but, when the Anglo-Saxon Com- 
pany placed the contracts under their 
£45 million program, for 46 new tankers, 
representing a deadweight capacity of 
900,000 tons, it was agreed, in the inter- 
ests of standardization, to release Pame- 
trada design information to the four 
Dutch builders who received a propor- 
tion of this immense program. With 


one exception, the Dutch builders con- 
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cerned have been accustomed to con- 
structing turbines of several types, viz., 
Brown Boveri, Curtis, Parsons and 
Zoelly. 


It is understood that Pametrada have 
granted general licenses to certain over- 
seas companies, other than those con- 
cerned in the Shell program. 


Though no turbo-electric vessel was 
delivered during 1951, five are now 
under construction, all having propel- 
ling machinery by the British Thomson- 
Houston Co., Ltd., of Rugby. They are 
the Samoa, for the Union Steam Ship 
Company of New Zealand, Ltd., and 
four tank ships in the large program 
of new construction undertaken by the 
Shell Group. Two of these turbo-electric 
ships, it should be mentioned, will be 
built in Holland. 


An event which passed almost un- 
noticed was the Golden Jubilee of the 
pioneer turbine passenger steamship 
King Edward. Built at Dumbarton in 
1901 for the then Turbine Syndicate, 
whose subscribers were Messrs, William 
Denny & Brothers, Ltd., as the ship- 
builders, Sir Charles Parsons, represent- 
ing the engine-builders, and Captain 
John Williamson, a Glasgow shipowner, 
this historic ship is still in service, with 
her original boiler and turbines, and it 
was altogether fitting that delegates to 
the International Conference of Naval 
Architects and Marine Engineers should 
have made an excursion down the Clyde 
in the vessel, during their short visit 
to Glasgow last summer. 


By implication, the most powerful 
machinery to be installed afloat during 
the past year is that of the quadruple- 
screw passenger steamship United States 
(51,500 tons gross). Since she was 
floated out of her drydock building 
berth at Newport News on the 23rd of 
June, she has been referred to in the 
American Press as a contender for the 
Blue Riband, but details of her geared- 
turbine propelling installation have not 
yet been officially released. The vessel 


incorporates a number of defense fea- 
tures (including close watertight sub- 
division and “unitized” engine-rooms), 
and it is believed that the propelling 
machinery is similar to that installed 
in certain American aircraft carriers. 


In the Orient liner, Oronsay, which 
entered service during the year, the 
34,000-S.H.P. turbines and _ Foster 
Wheeler controlled-superheat boilers are 
virtually “repeats” of those installed in 
the Orion, Himalaya and Chusan. The 
boilers, generating steam at a pressure 
of 525 lb. per sq. in. and a temperature 
of 850/600 deg. F., are, however, fitted 
with oil-burning registers and atomizers 
which incorporate a number of Ad- 
miralty patents and are supplied by As- 
sociated British Combustion, Ltd., We 
learn that the Oronsay is shortly to be 
equipped with Denny-Brown anti-rolling 
fins. 


An event which would have been of 
major significance, had not the designs 
been superseded by those of the 20-knot 
Mariner-class cargo liners, the 
entry into service of the United States 
Maritime Administration’s 18%-knot 
prototype cargo liner Schuyer Otis 
Bland (10,516 tons deadweight), in 
which the propelling machinery con- 
sists of a single-screw installation of 
two-casing double-reduction geared tur- 
bines, constructed by the General Elec- 
tric Company and designed to develop 
12,500 S.H.P. at 90 rpm. The turbines 
take steam at a pressure of 850 lb. per 
sq. in. and a temperature of 900 deg. F. 
from two Foster Wheeler D-type boilers. 
A particularly interesting feature of the 
installation is the method adopted for con- 
trolling the turbines. In place of the famil- 
iar ahead and stern throttle wheels, the 
main controls consist of two small 
levers, similar to those seen in a modern 
railway signalling box. The spherical- 
seated throttle valves open or close un- 
der the influence of a_ hydraulically 
operated follow-up system, in response 
to movement of the levers, which are, 
of course, interlocked. 
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RECIPROCATING ENGINES 


The largest reciprocating steam en- 
gines built during the year were the 
Skinner Unaflow 10,000-S.H.P. units, 
built by Canadian-Vickers, Ltd., of 
Montreal, for the twin-screw train ferry 
steamship Grand Haven—claimed to be 
the largest vessel of the type in the 
world. In this ship, four Foster Wheel- 
er D-type water-tube boilers supply 
steam at a pressure of 250 Ib. per sq. 
in. and a temperature of 600 deg. F. 
to the two five-cylinder totally enclosed 
reciprocating engines, which develop 
their full power at 199 rpm. The ves- 
sel operates between Palm _ Beach, 
Florida, and Havana, Cuba—a distance 
of 270 miles, which is many times that 
of any train-ferry route in Europe. 


In this country, orders continue to be 
placed for the justly popular North- 
Eastern Reheat engine, which is de- 
signed to maintain the superheated con- 
dition of the steam until it has com- 
pleted its expansion in the 1.-p. cylinder. 
Seven such sets of machinery, represent- 
ing, in all, 13,428 I.H.P. were delivered 
during 1951 from the Sunderland 
Works of the North Eastern Marine 
Engineering Co. (1938), Ltd., and the 
associated firm of George Clark (1938), 
Ltd. 


The cargo steamship Crofter, built 
and engined by Messrs. John Readhead 
& Sons, Ltd., South Shields, for the 
Harrison Line, Liverpool, is among 
ships in which a Bauer-Wach exhaust- 
steam turbine has been associated with 
a reciprocating engine—an arrange- 
ment which has gained much favor. It 
is gratifying to record the placing of 
an order for a combination of this type 
and one which, we are convinced, will 
be most successful in its own field and 
will, moreover, hold the interest and 
imagination of marine engineers. We 
refer to the Reheat reciprocating en- 
gine/Bauer-Wach exhaust-steam tur- 
bine installation which the North East- 
ern Marine Engineering Company are 
to construct for a cargo steamship of 
7500 tons deadweight, ordered by 
Messrs. H. Hogarth and Sons, Ltd., 
Glasgow, from Messrs. William Pickers- 
gill and Sons, Ltd., Sunderland. 


Only one paddle steamship is at pres- 
ent being built in Great Britain, viz., 
that which the Railway Executive have 
ordered from Messrs. A. & J. Inglis, 
Ltd., Pointhouse, Glasgow, to augment 
the coming season’s sailings in Loch 
Lomond. 


BOILERS 


The principal types of boilers con- 
tinue to have wide application, but a 
feature of the year has been the increas- 
ing popularity of the Babcock & Wilcox 
integral-furnace boiler which has been 
installed in this country in such ships 
as the Tyne-built French passenger liner 
Provence, the Union-Castle liner Rho- 
desia Castle and the Swedish-Lloyd 
steamship Patricia; and, in the United 
States, in the large passenger steam- 
ships Constitution and Independence, of 
the American Export Lines. Each of 
the last-named two ships has four boilers 
of this type, generating steam at a 


pressure of 627 Ib. per sq. in. and a 
temperature of 840 deg. F. This simple 
boiler design has much to commend it, 
with its almost vertical tube-nest pro- 
moting rapid circulation and freedom 
from operating difficulties. 


Three Velox boilers, each with an 
evaporative capacity of 30 tons per 
hour, are being installed by the Com- 
pagnie Electro-Mécanique in the steam- 
ship Ville de Tunis (14,500 S.H.P.), 
being built at the Lorient Naval Yard 
for the Compagnie Générale Transat- 
lantique. These boilers supply steam at 
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a pressure of 800 Ib. per sq. in. and a 
temperature of 895 deg. F. In a similar 
ship—the Ville de Marseille—now in 
service between Bordeaux and Casa- 
blanca, three F.C.M. 47/60 all-water- 
wall boilers generate steam at the same 
conditions. Similar, but more highly 
rated, boilers are installed in the Cdte 
d@’Azur, a notable cross-Channel steam- 
ship, completed for the French National 
Railways during the year. 


It is worthy of note that in Germany, 
where, before the war, very advanced 


DIESEL 


Advances in marine Diesel engineer- 
ing have followed the natural course of 
development. At one end of the scale, 
manufacturers have directed their ef- 
forts towards increasing the specific 
outputs of their products, while at the 
other, they have striven to reduce run- 
ning costs by extending the application 
of low-grade fuels. Most builders of 
four-stroke engines have taken the 
course of increasing the ratings of ex- 
isting models by the application of 
pressure-charging, in various forms; 
only in the smaller engines have en- 
tirely new models been introduced. 


The burning of residual fuels con- 
tinues to interest many engine-builders ; 
and leading manufacturers of the larger 
units, who have established that their 
engines may be successfully operated 
with high-viscosity fuels, are continuing 
research with even heavier grades, in 
the expectation that the increasing de- 
mand for lighter fractions (for use 
in aircraft and automotive equipment) 
will result in an even greater surplus 
of heavier residuals. 


The use of heavy fuels is being ex- 
tended to the higher-speed propelling 
engines, such as the Sulzer units (of 
225 rpm.) in the Federal Steam Navi- 
gation Company’s cargo ships Cornwall 
and Surrey, each of which has a geared 
Diesel installation. It is not only in 


steam conditions were adopted—often 
without appreciable gain in efficiency 
or economy—much more moderate 
tendencies now prevail. The new Ham- 
burg-America liners will have Babcock- 
type boilers generating steam at a pres- 
sure of 640 Ib. per sq. in. and a tempera- 
ture of 840 deg. F., while the “mon- 
ster” tankers being built at the 
Howaldtswerke are to have two-drum 
water-tube boilers of the shipbuilders’ 
own design, operating at a pressure of 
610 Ib. per sq. in. and a temperature 
of 840 deg. F. 


ENGINES 


Europe that this trend is seen, for the 
Great Lakes bulk-carrier Eugene W. 
Pargny, until recently a steamship, but 
now a motorship with a Hamilton- 
M.A.N. geared installation (with an en- 
gine speed of 240 rpm.), is also to burn 
low-grade fuels. 

Nearly all the manufacturers of large 
marine engines have developed frames 
of all-welded design, for one or more 
of their ranges. 


A feature of the year has been the 
efforts made by a number of important 
engine-builders to increase the output 
of their two-stroke cycle engines by the 
application of supercharging. The prin- 
ciple has been successfully applied in 
most of the M.A.N. two-stroke cycle 
engines—both single-acting and double- 
acting—which the firm have built since 
the war. In the M.A.N. system, a 
so-called rotary slide valve is incor- 
porated in the passage between each 
exhaust port and manifold. In the 
single-acting engine, the valve is timed 
to close before the rising piston inter- 
rupts the air supply through the sca- 
venging-air ports. A 15 percent in- 
crease in output, above that of the 
previous model, with a smokeless ex- 
haust, is claimed. 

Messrs. Burmeister & Wain have car- 
ried out promising experiments at 
Copenhagen with a modified version of 


398 


] 
1 
t 
1 
t 
I 
1 
h 
c 
le 
b 
ti 
st 
S 
th 
th 
m 
tu 
tr: 
Wi 
te 
rat 
ing 
tia 
ces 
tur 
| 


ENGINEERING PROGRESS IN 1951 


one of their standard 674-VTF-160 en- 
gines. Here, the delivery from the 
Biichi.turbo-charger is conveyed, via 
inter-coolers, to the engine-driven rotary 
blowers with which these engines are 
normally fitted. It has been found that, 
as the output increases, the power ab- 
sorbed by the mechanically driven Roots 
blowers becomes progressively less, un- 
til they are virtually running unloaded, 
with a consequent increase in overall 
mechanical efficiency and reduced fuel 
consumption. A continuous service out- 
put of 1250 B.H.P. per cylinder at 115 
rpm., representing a B.M.E.P. of 101 
Ib. per sq. in., has been attained, against 
922 B.H.P. (B.M.E.P., 74.5 lb. per sq. 
in.) of the unmodified model—a gain 
of 36 percent in output. 


In Holland, the Werkspoor-Lugt en- 
gine, designed by the late Mr. G. J. 
Lugt during the German occupation of 
the Low Countries, and projected from 
the outset as a supercharged unit, has 
now undergone exhaustive trials. In 
this engine, a turbo-blower operates in 
parallel with the reciprocating scaveng- 
ing-air pumps, driven from the cross- 
heads. In engines embodying the prin- 
ciple of uniflow scavenging, such as the 
last-mentioned two, the degree of super- 
charge may be conveniently controlled 
by modification of the exhaust-valve 
timing. 


Turning to higher-performance four- 
stroke cycle engines, the Nordberg 
Supairthermal engine, introduced during 
the year, is of considerable interest, in 
that it is claimed to develop one-third 
more power than the corresponding 
turbo-charged model, without greater 
transfer of heat to the cooling water and 
without increase in working-surface 
temperatures. 


The Supairthermal engine incorpo- 
rates the Miller system of supercharg- 
ing. In this system, the cylinder is par- 
tially cooled, internally, by the large ex- 
cess of scavenging air provided by a 
turbo-charger, which delivers at a con- 


siderably higher pressure (15 lb. per sq. 
in.) than hitherto. The increase in the 
air mass (about 30 percent) enables a 
correspondingly increased quantity of 
fuel to be burned. An intercooler serves 
to reduce the temperature of the air 
charge admitted to the cylinder from 
about 160 to 100 deg. F., with cooling 
water at 90 deg. F. The inlet valve is 
timed to close well (45 deg.) before 
bottom dead-center on the intake stroke, 
and the consequent expansion of the air 
charge from a pressure of 15 to about 
6 lb. per sq. in. results in a further re- 
duction of the air-charge temperature 
of about 50 deg. F. The B.H.P. per 
cylinder at 450 rpm. has been raised 
from 150 to 200 without increase of 
the peak pressure attained. 


The actual timing of inlet-valve clos- 
ure is variable, depending upon the 
pressure in the intake manifold, which, 
of course, being maintained by a turbo- 
charger, is a function of the load. At 
partial loads, the point of closure is 
progressively retarded until, at a mani- 
fold pressure of 6 lb. per sq. in., it is 
the same as in the normal turbo-charged 
engine. An eight-cylinder direct-cou- 
pled marine version of the Supair- 
thermal engine (13 in. bore by 16% in. 
stroke), developing 800 B.H.P. at 300 
rpm., is being installed in an American 
tug. The method is also being applied 
to larger engines (16 in. bore by 22 in. 
stroke) in the Nordberg range, cover- 
ing powers of up to 3200 B.H.P. 


One of the most remarkable Diesel 
engines ever constructed is the M.A.N. 
six-cylinder KV 30/45  pressure- 
charged unit, of which prototype tests 
were completed last year. This engine 
(300 mm. bore by 450 mm. stroke) 
is of the welded-frame crosshead type, 
and, on moderate dimensions, it has 
returned the truly remarkable continu- 
ous rating of 1360 B.H.P. per cylinder 
at 428 rpm., representing a B.M.E.P. 
of 213 lb. per sq. in. That this has 
not been obtained at the expense of 
efficiency is shown by the fact that the 
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corresponding fuel consumption is 0.312 
Ib. per B.H.P.-hour. It is understood 
that the engine has been operated for 
short periods with brake mean effective 
pressures of up to 340 Ib. per sq. in. 
The high charging pressure employed 
—about 17 Ib. per sq. in—is provided 
by an exhaust-gas_ turbo-compressor, 
with multiple stages in both driving 
and driven components. Mounted at the 
back of the engine. the exhaust turbine, 
which rotates at 15,000 rpm., has five 
stages and is directly coupled to a 
blower having nine axial stages and one 
radial stage. An interstage cooler is 
neatly incorporated between the axial 
and radial stages, and the air charge 
passes through a second-stage cooler 
before entering the cylinders. The mak- 
ers state that they intend to offer the 
engine for geared marine propelling in- 
stallations and that a similar, but some- 
what larger, model is also projected. 


The largest Diesel engines which 
have been sent to sea in the period 
under review were the two Fiat double- 
acting two-stroke cycle 12-cylinder units 
installed in the Italian passenger liner 
Giulio Cesare (25,000 tons gross), 
which made her maiden voyage at the 
end of September. These two engines 
were built so long ago as 1942, as part 
of a naval project which was subse- 
quently abandoned. With cylinder di- 
mensions of 650 mm. bore and 950 mm. 
stroke, these engines have an output of 
13,000 S.H.P. at 160 rpm. in service. 
During sea trials, the vessel attained 
a speed of 26.1 knots at an output of 
20,000 S.H.P.. at 192 rpm. Scavenging 
air is supplied by means of independent 
Diesel-driven reciprocating pumps. A 
sister ship, the Augustus, will be de- 
livered early in 1952 from the San 
Marco yard of the same builders, the 
Cantieri Riuniti dell’Adriatico. 

Of recently introduced designs, the 
new Harland-B. & W. opposed-piston 
eccentric-type engine continues to gain 
ground and several examples of this 
version of a well-tried engine have been 


installed in the standard tank vessels 
built at Belfast for various Norwegian 
owners. In most instances, these were 
seven-cylinder units of 750 mm. bore, 
with a combined piston stroke of 2000 
mm, 


Other large two-stroke cycle installa- 
tions include those for two single-screw 
29,000-ton tank ships, each of which 
is to be propelled by a B. & W. single- 
acting, two-stroke cycle, 12-cylinder en- 
gine. A twin-screw 31,000-ton tank ship, 
launched at Saint-Nazaire, France, has 
Schneider-B. & W. engines developing 
an aggregate of 13,560 S.H.P. for a 
service speed of 15 knots. 


A smaller type of engine, built under 
license by Messrs. John G. Kincaid & 
Co., Ltd., Greenock, is the Polar T-size 
with a bore of 500 mm. and a stroke of 
700 mm. The British Indian Company’s 
twin-screw passenger and cargo motor- 
ship Membasa, intended for the East 
African coasting service, in anticipation 
of developments expected from the 
groundnuts scheme, has an installation 
of this type. The ship is at present 
engaged on the inter-Pakistan route 
between Karachi and Calcutta. 


Engines of this type, which are also 
built, under license, by Messrs. William 
Gray & Co., Ltd., West Hartlepool, are 
finding useful employment for geared 
installations. The tank ship Bernhard 
Hanssen, with twin Gray-Polar  six- 
cylinder engines, was delivered in the 
autumn, when order for six similarly 
propelled ore-carriers, for the British 
Iron and Steel Corporation, were placed 
with these builders. 


Coming now to engines in the smaller- 
power range, the Clark-Sulzer S.D. 36 
engine is gaining favor for ships en- 
gaged in coastwise service, and here, 
again, orders have been received for 
twin-geared units for Norwegian ves- 
sels trading to the Great Lakes. 


The first production model of the 
Werkspoor-Lugt engine has undergone 
tests, which were witnessed by inter- 


400 


4 
( 
( 


ENGINEERING PROGRESS IN 1951 


ested parties from all over Europe. The 
engine was subsequently installed in the 
Dutch motorship Prins Frederik Willem. 
Readers may recall that, in our review 
last year, we commented that no order 


for an engine of this design had then 
been placed. We are glad to record that 
several of these interesting engines are 
now in hand, including a 12-cylinder 
unit developing 9600 S.H.P. 


GAS TURBINES 


An Anglo-Saxon oil-tank vessel has 
again made motorship history. In the 
late autumn of 1951, the Auris crossed 
the Atlantic, with her new gas turbine 
providing part of the propelling power 
during the 21-day voyage from the Tyne 
to Port Arthur, Texas. The pioneer 
motorship, it will be recalled, was the 
same owners’ l’ulcanus, and it is appro- 
priate that the first ocean-going mer- 
chant ship with gas-turbine propelling 
machinery (though admittedly only one- 
quarter of the whole) should belong to 
the same enterprising concern. Origin- 
ally powered entirely by Diesel-electric 
machinery, the Auris had four Haw- 
thorn-Sulzer/B.T.H. 830-kw. Diesel al- 
ternator sets, which supplied electrical 
energy to a double-armature propelling 
motor. Following extensive trials at 
the works of the British Thomson- 
Houston Co., Ltd., Rugby, a gas-tur- 
bine /alternator set with the same output 
and electrical characteristics was in- 
stalled in place of one of the Diesel-/al- 
ternator sets, the work having been en- 
trusted to Messrs. R. & W. Hawthorn, 
Leslie Co., Ltd., the builders of the ship. 


Throughout the transatlantic cross- 
ing, the gas turbine ran continuously, 
the output of the set having been re- 
duced only to the extent expected be- 
cause of an air-temperature rise of some 
29 deg. F. 


Research has continued with the 
Pametrada 3500-S.H.P. gas turbine, in- 
cluding runs over extended periods. The 
Rover gas turbine, installed, in 1950, 
in the demonstration launch Torquil, 
has been modified, and a single-screw 
version (without auxiliary propelling 
power) has been fitted in H.M. Harbor 
Launch 3964—a 51-ft. dockyard picket 
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boat, operating from the Coastal Forces 
Base, Gosport. Meanwhile, work has 
continued on the twin Metropolitan- 
Vickers units which will be installed in 
a motor torpedo-boat, and with the 
Rolls-Royce gas turbines which are to 
re-engine one of the famous steam gun- 
boats, which were so well described in 
the paper entitled “Steam Gunboat Ma- 
chinery—a Light-weight Steam Plant,” 
presented by Commander (E.) H. A. K. 
Lay and Commander (E.) L. Baker, 
D.S.C., to the Institution of Naval Ar- 
chitects, in 1948. 


The English Electric Co., Ltd., of 
Rugby, have in hand a 6000-S.H.P. gas 
turbine/alternator set which is to re- 
place a power unit in one of the twin- 
screw turbo-electric lease-lend Captain- 
class frigates. 


Details have been released recently 
of the 1000-kw. gas-turbine/alternator 
set which Messrs. W. H. Allen, Sons 
and Co., Ltd., Bedford, have constructed 
to the order of the Admiralty. This 
open-cycle unit, with a_ single-stage 
heat-exchanger, follows the simple 
series arrangement of co-axial compres- 
sor and power turbines, and has, we 
understand, given very satisfactory re- 
sults. A feature of the set is the em- 
ployment, for the first time in this 
country, of Stoechicht epicyclic gearing, 
giving a very compact transmission. 
The characteristics of the gear are such 
that, with the power turbine rotating 
at 6750 rpm., the speed of the alternator 
shaft is 1500 rpm. The Bedford firm, 
it may be added, are licensees for gears 
of this design, which has interested other 
builders of turbine machinery, on account 
of its possible future use in connection 
with marine turbine drives. 
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VARIOUS DEVELOPMENTS 


In the United States of America, the 
Navy authorities have placed an order 
for a submarine in which the power 
for propulsion will be derived from an 
atomic-energy plant. We learn that the 
project is several months ahead of the 
planned program, in which completion 
at the end of 1952 was envisaged. The 
hull is being built by the Electric Boat 
Company, and the list of firms asso- 
ciated with the manufacture of the pro- 
pelling equipment includes such well- 
known names as those of the Westing- 
house Electric Corporation, New York 
and the General Electric Company, 


Schenectady. 


The principle of the heat pump, em- 
ployed in cooling the Royal Festival 
Hall in summer and in heating it in 
winter, is being applied in H.M.S. Vidal 
—a new survey ship now being com- 
pleted at Chatham. The air-conditioning 
plant installed in this vessel will pro- 
vide equable conditions throughout the 
living and working spaces and offices, 
in all climates from the equator to the 
poles. Its capacity is 750,000 B.T.U. per 
hour; a saving of as much as 100 kw. 
in the electrical load is anticipated from 
the development. 
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THE AUTHOR 


Early training consisted of seven years in the design section of Morse Dry 
Dock and Repair Co., Brooklyn, N. Y., special courses in Naval Architecture and 
Marine Engineering at Pratt Institute, Brooklyn, N. Y., about 16 years in Build- 
ing Construction. From early 1937 to date, Civil Service with the Navy, seven 
years of which was in the Design Section Engineering at the Brooklyn Naval 
shipyard and since February, 1943, to date, in the office of the Assistant Indus- 
trial Manager, U.S.N., 6 N.D., and Design Senior Civilian in the Office of the 
Supervisor of Shipbuilding & Naval Inspector of Ordnance, Jacksonville, Florida. 
He is a member of the Florida Engineering ry, The Propeller Club, Port 
of Jacksonville, and an Associate Member of the U. S. Naval Institute. His 


home is in Jacksonville, Florida. 


In view of the brilliant documentary 
account of “Meeting a Manpower Crisis 
in Naval Engineering,” as portrayed by 
Nathaniel Stewart, and published in the 
November, 1951, edition of the JouRNAL 
OF THE AMERICAN SOcIETY OF NAVAL 
ENGINEERS, INc., it is felt that a few 
comments from the field on this subject 


may be helpful in furthering the Navy’s 
best interests at the present time and 
into the future. 


As a compliment to Nathaniel Stew- 
art for the very sensible arrangement 
of his subject, it. is perhaps best to 
arrange the following comments to fol- 
low in the same order. 


THE SETTING 


The average Navy Field Office is 
concerned with the Activation of Re- 
serve Vessels, Conversions, Repairs and 
Overhauls and in some cases, the joint 


duties of Supervisor of Shipbuilding and 
Inspector of Ordnance for the Adminis- 
tration and Supervision of New Con- 
struction. 


EARLY CALL TO ACTION 


Upon the outbreak of the Korean 
hostilities, those Field Offices that had 
participated in the War Mobilization 
Planning for their areas, immediately 
scanned the manning tables based upon 


maximum production under their juris- 
diction, with a view towards enlarging 
the staff and in some cases looking 
for a place to locate the enlarged 
staff. 
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TAKING INVENTORY 


In some areas taking inventory of the 
technical staff in those offices that still 
existed at the time of the outbreak of 
hostilities in Korea was a very simple 
matter. The men could be counted on 
one hand, and quite often were engaged 
in a multitude of minor details that keep 
them employed, however, it is not to be 
construed that they were not fully occu- 
pied when the economy wave cut down 
the Navy staff. That cut was right to 
the bone, “and I mean bone.” A rule 
such as “no person shall be retained on 
the Civil Service payroll for what he 
knows or can do, but what he does do,” 


was followed. 


The above quotation may not be cor- 
rectly worded, but it is, as the writer 
remembers it, and to this day it sounds 
just as foolish, or hindsighted, as it 
would have been to say, “No naval ves- 
sel shall be maintained in Reserve status, 
the war is over, scrap them, we shall 
not need them any more.” 

The Navy lost many of its best hot- 
shot designers to commercial interests 
by the above action, and in some cases 
they were replaced by inexperienced 
veterans, so the inventory was sim- 
ple. 


OPERATION DESIGN 


Manning the vacancies to be filled in 
the Field Offices is predicated upon the 
assigned projects and contemplated en- 
largement of local contractor’s facilities 
to accomplish awarded contracts for 
Naval construction. In some cases, old 
hands have been brought back into the 
fold. Promising young veterans familiar 
with the Navy’s electronics have been 
captured by far-sighted officers, in most 
cases prior to the Korean incident, and 
of course a few misfits have appeared 
here and there among a crop of good 
men who are entirely green to naval 
construction, but they, because of their 
sterling qualities and abilities in other 
lines will pan-out immensely to the 
Navy’s advantage. It is hoped that the 


methods outlined will suffice for the 
present emergency. However, in the 
long run, if there is to be a long run 
to this emergency, it will be necessary 
to replace old hands and possibly young 
Reserve Officers recalled to the colors 
for active duty, by training methods 
outlined by Nathaniel Stewart for the 
large Naval Shipyards. This will be 
better than bringing in “Experts” from 
out of town, because nothing disrupts 
the morale of an organization as much 
as having a supposedly superior person 
injected into the office at a higher salary 
than some of the incumbents, who feel 
that they did not have the opportunity 
to get promoted. 


INCENTIVES 


To the real engineer, which includes 
Naval Architects, the incentive in spite 
of the red tape of Civil Service, is, in 
the words of Herbert Hoover, “Fascina- 
tion,” and to further quote Herbert 
Hoover* “The engineer has the fascina- 
tion of watching a figment of his 


imagination emerge with the aid of 
science to a plan on paper, move to 
realization in cement, metal or energy, 
bring new jobs and homes to men. That 
is the engineer’s high privilege among 
professions.” 


* The quotation from Herbert Hoover’s speech was taken from the December 13, 1951 issue of 
Engineering News Record, with the permission of the McGraw-Hill Publication Co. f 
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The profession, however, has woes. 
The engineer’s work is out in the open 
where all men can see it. If he makes 
a mistake, he cannot bury it in a grave; 
obscure it by trees and ivy; blame it on 
the judge or jury; claim his constitu- 
ents demanded it, blame it on the devil; 
nor can he, like the public official, 
change the name of it and hope that the 
voters will forget it. Worse still, if his 
works do not work he is damned, and 
the world mostly forgets the name of 
the engineer who did it. If it works, 
the credit goes to some fellow who used 
other people’s money to pay for it. But 
the engineer looks back at the unending 
stream of goodness that flows from his 
successes with a satisfaction that few 
other professions can know. 


Big factor—most people are not aware 
of it, but the engineer is also a political, 
economic and social force. I asserted 
one time that he is the fellow who really 
dissolves monopolies, redistributes the 
wealth, and dismantles political plat- 
forms. Over our history, men of one 
generation after another have been 


elected to office by being “agin” the 
monopoly of canals, or railroads, or 
anthracite coal, or kerosene, oil or 
slums or the utility grabbing of water 
power. These were no doubt great evils, 
but who remedied these evils? It was 
the engineer. 

A great “aginner’—he upset the 
canal monopoly with the railways; the 
railways with the automobile, the air- 
plane and the pipeline. He upset the 
anthracite monopoly with coke, the kero- 
sene oil with electric light, and he as- 
sured that most of the streams would 
remain as scenery by making cheaper 
power with steam. 

Who makes possible the escape from 
the slums? It is the engineer with his 
parkways, his bridges, his satellite 
towns. Who provided leisure for the 
housewife? It was the engineer with 
his household gadgets. 

I hardly need add that it was the en- 
gineer who distributed wealth by crea- 
tion of mass production and his many 
other devices to reduce costs of produc- 
tion. 


ENGINEER TRAINING NEEDED 


The training of engineers instills 
character in those who would join the 
ranks. High ethical standards are the 
essential of all professions, engineering 
included. Technology without intellec- 
tual honesty does not work. Construc- 
tion without consciousness soon crum- 
bles. 


These are the reasons you have no 
engineers before the Kefauver Commit- 
tee, nor in the headlines which these 


days pour forth from grand juries and 
district attorney offices. The engineers 
merit only to sit on juries. 

But, here we meet a great national 
problem. We do not have enough engi- 
neering teachers and we do not have 
enough students to carry on the nation’s 
work. And we do not have enough 
research facilities to assure the needed 
flow of new inventions and improve- 
ments. 


ADDITIONAL INCENTIVES 


Patriotism, security and congeniality 
of working among your fellow men that 
talk your language technically, and the 
possibility of promotion. 

Although the possibility of promotion 
is mentioned as an incentive, it is only 


a possibility in the Field today, because 
of apparent conflictions in the interpre- 
tations of Civil Service rulings that 
seem to have been made to fit too many 
special cases without being able to 
show any goal to aim for that will lead 
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to the top of the profession. There is a 
small salary increase given annually (or 
at eighteen months for GS-lls and 
above) which does not begin to catch 
up with the increasing cost of living. 
There seems to be no normal way to 
be promoted because a satisfactory meth- 
od of Efficiency Rating has not yet been 
devised. The old system with its five 
main divisions, Excellent, Very Good, 
Good, Fair and Unsatisfactory, seems 
to have been discarded because of 
Bosses—Pet Favoritisms, for a very 
loose, almost socialistic system that 
states that the employee is either Out- 
standing, Satisfactory, or Unsatisfac- 
tory. In other words, a man or woman 
is either so very excellent that his boss 
will have to prove it in writing, which 
must be substantiated in turn, in writ- 
ing, by the Boss’s boss, all the way up 
to the Head Man of the district. This 
“stick your neck out” process must also 
be followed to get rid of, or demote an 
unsatisfactory employee, so in the vast 
middle category are 99%0% more or 
less of “satisfactory” employees who 
have no hope of getting a promotion 
from one grade up to another, other 
than the small increment, which only 
amounts to about 3% extra take home 
pay. 


The security factor of Civil Service 
employment in the Field today means 
nothing insofar as Engineers employed 
by the Navy is concerned, because the 
economy reduction in force procedure 
showed clearly, that, permanent posi- 
tions could be abolished at the whim of 
anyone in command. In some cases good 
men were retained 2, 3 and 4 grades 
below their previous permanent grade. 
Then when the Korean affair started 
these same people were promoted “Tem- 
porary” back to their old grade and told 
that in case of another future reduction 
in force they would revert back to the 
lower rate and could never again be a 
permanent employee at their original 
grade before demotion because certain 
dates for such changes were in effect 


at such and such time and on and on 
until one felt like he was listening to 
a man choking himself goggle-eyed with 
red tape. 


After many years of such experiences, 
one comes to the conclusion that the 
ever changing rulings of the commission 
fail to show any stability for the future. 
It is taken for granted that the com- 
mission is staffed by some of the best 
brains available in personnel matters, 
but the intent and purpose of the whole 
system seems to indicate that no provi- 
sion has been made to take care of and 
take cognizance of the large increase in 
value of a creative worker, like the En- 
gineer, or other professional employee, 
over the strictly service type of em- 
ployee whose working life cycle can 
usually be plotted as a fair curve that 
rises gradually to its peak at about 15 
to 20 years of service and then slowly 
drops off to a point somewhere near the 
retirement age. The service type of 
employee has a value to his unit, or 
department, about similar to his effi- 
ciency curve. 


On the other hand the creative worker 
is quite often of less value than his ex- 
perience in the service indicates for 
the initial period of his employment. 
This is as Mr. Stewart noted when he 
indicated under “Incentives” the costs 
of orientation of a new employee in the 
design section. However, from there on 
out his value to the Navy often gets 
way ahead of his salary, or “General 
Service” rating and in some cases this 
value reaches salary brackets that would 
stagger the imagination of the Area 
Wage and Classification Officers, who 
have stated on one occasion that they 
do not have any technical men on their 
staff, but judge a man’s value by “fac- 
tors”? 


This condition of holding a creative 
worker in the same category as the 
service worker has resulted in the loss 
to the Navy of some of its best technical 
brains to commercial interests who can 
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and will pay in accordance with value 
given. 


This has further resulted in what 
should be considered the disgraceful 
situation that has made it necessary for 
the Navy to have to resort to contract- 
ing at high costs for the Navy’s own 
ships, designed by outside private yacht 
and ship architects who employ Navy- 
trained professional and semi-profes- 
sional workers at a higher salary than 
the Civil Service rates will pay. These 
same workers would rather work for 
the Navy except for the flip-flop rulings 
and petty restrictions, such as time 


clocks, etc., that gall a man to ulcers 
long before his time. 


That seems to be the picture in the 
Field, and it is not likely to change 
much for the better unless the Powers 
that be can devise a system that will again 
separate the professionals and semi- 
professionals from the purely service 
type of employee, insofar as Incentives 
and Efficiency Ratings go, so that the 
man that is a willing ambitious worker 
can see his way into the future to a 
point comparable in earnings and social 
status to the best technical men outside 
of the Civil Service system. 
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CHARACTERISTICS 
AND DEVELOPMENT 
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INTRODUCTION 


It is the purpose of this paper to re- 
view certain fuel characteristics to 
which technical aspects of fuel utiliza- 
tion lend a very special significance. 


Sulphur is certainly one of the most 
undesirable elements to be found in a 
combustible, whether the fuel be for use 
in boilers or Diesel engines. If, unhap- 
pily, its presence has to be tolerated to 
some extent in order to avoid undue 
restriction of supplies in these difficult 
days, it is nevertheless essential to en- 
sure that the sulphur content should not 
exceed a certain maximum percentage. 


With regard to sodium, the adverse 
effects of introducing this alkali into 
the furnaces of boilers are well known. 
Indeed, it seems probable that the pres- 
ence of sodium is also responsible for 
certain difficulties in the use of heavy 
fuels for Diesel engines. It is, therefore, 
of prime importance that measures should 
be taken to prevent, or to minimize, its 
presence. In the first place, only a 
small proportion of sea water should be 
allowed in fuels, and secondly, a maxi- 
mum ash content should be fixed. 


At the present time, however, the 


question which raises the most serious 
difficulties is that of pumping fuels at 
low temperatures. The fact is that 
there is as yet no standardized method 
on the basis of which the future devel- 
opment of the pour-point of a mixed- 
base fuel—that is, of an asphalt-paraffin 
base fuel—can be predicted. But in- 
vestigations are now being undertaken 
to develop a method of thermal pre- 
treatment by means of which it is hoped 
to be able to determine a constant maxi- 
mum pour-point. 

The author also wishes to stress the 
importance for the marine engineer of 
such questions as: 


(i) The breaking of emulsions 

(ii) The content in explosive vapors 

(iii) The asphalt content, etc. 
It is also desired to touch upon some 
special problems regarding the use of 
boiler fuels in certain gas turbines and 
in low speed Diesel main engines. 


In looking back over the years pre- 
ceding the Second World War, it can 
easily be seen how certain characteris- 
tics of fuel oils have changed in the 
meantime. These changes may be said 
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TABLE 1 
Vessels 
Principal characteristics 3 
P BASQUE | MOGADOR] FIER 
at sea at sea building 
1931 1935 1936 1938 1939 
Total heating surface in. square meters 930 1,390 725 1,028 530 
Horsepower 11,000 18,500 11,000 23,000 14,000 
Per sq. m. of 
Max. continu- total surface 5,860 590 435 79 1,068 
Cc ous rating Per cu. m. of 
onsump- room 145 176 194 230 296 
tion in kg. Per sq. m. of 
per hr. Max. intermit- total surface 6,810 65 478 973 1,181 
tent rating Per cu. m. of 
furnace 170 194 212 282 328 


to be the outcome of attempts to effect 
a balance or compromise between the 
increasingly exacting requirements of 
modern boilers and a quality of fuel 
which, by reason of present day refining 
practice, is steadily deteriorating. Two 
tendencies, which are at least divergent, 
if not actually conflicting, are clearly 
evident. On the one hand, it must be 
considered that each new boiler design 
results in a further improvement in per- 
formance, as will be seen from the fig- 
ures given in Table 1. At the same 
time, these improvements are accom- 
panied by an increase in gas tempera- 
ture and gas velocity in the various 
parts of the boiler; and in addition the 
refractory lining has likewise become 
subject to higher furnace temperatures. 
Under these increasingly severe work- 
ing conditions, the use of certain fuels 
has led at times to the destruction of 
the brickwork owing to excessive fur- 
nace temperatures, and to the slagging- 
up of the boiler convection surfaces. 

Since the causes of these difficulties 
have not always been clearly discerned, 
attempts to deal with the-problem have 
resulted in the insertion of rigid limits 
in specifications with regard to the con- 
tent of sulphur, asphalt, ash, etc., which 
were held to be responsible for such 
troubles. 

On the other hand, there is the fact 
that the Middle East with its asphalt- 


paraffin base fuels of high sulphur con- 
tent, has largely superseded North and 
Central America as a source of supply 
of fuel oils to the countries of Europe. 
In the case of France, for example, it 
is estimated that in 1951 she will re- 
ceive 85 percent of her fuel oil imports 
from the Middle East, as compared with 
45 percent in 1938. This situation has 
perforce resulted in a tendency to in- 
crease the maximum sulphur content, 
which is of course an opposing tendency 
to that previously mentioned, to limit 
impurities. The trend towards the em- 
ployment of fuels with higher sulphur 
content than hitherto used is all the 
more marked on account of the increased 
importance of light and medium distil- 
lates, particularly gasoline and gas oils, 
which is due to the ever increasing 
demands of industry and of all kinds 
of shipping. As a brief illustration of 
the rise in sulphur content, which is 
today as high as 3.5 percent (F.F.O. 
Specification), it will be recollected that 
it was 3 percent before 1939, and 2 per- 
cent in 1934 and in fact it was as low 
as 0.5 percent just after the First World 
War, if this is not to go too far back. 


Furthermore, the parafinic nature of 
the Middle Eastern fuels is also respon- 
sible for the difficulties which are being 
experienced in the pumping of oils at 
low. temperatures.. Also, modern refin- 
ing techniques introduced in cracking 
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practice are in their turn bringing into 
play new characteristics such as the de- 
gree of explosibility, or are revealing 
new aspects of—and also re-emphasizing 
—such old problems as stability, com- 
patibility, de-emulsification, etc. 

Thus the situation is that the require- 
ments of modern boilers for fuels as 
free as possible from impurities are 
difficult to satisfy in view of the fact 
that the interests of economic produc- 
tion lie in a reverse direction. The sum- 


mary just given furnishes the general 
background to the problem of drawing up 
limiting specifications for fuel oils to 
meet present-day conditions; and the 
aim of this paper is to review those 
characteristics which are at present 
being actively investigated. The point 
of view of the paper will be that of the 
user—that is, of the marine engineer 
responsible for the operation and main- 
tenance of the propulsion plant of a 
vessel. 


SULPHUR 


It will be appreciated readily that 
the progressive raising of the sulphur 
‘content in new specifications has given 
rise to much criticism and to a good 
deal of anxiety. 

In the first place the troubles envis- 
aged are of two kinds: 

(1) Corrosion of the boiler drums, 
of the boiler tubes, and also of 
the platework. 

(2) The harmful effects of the sul- 
phur fumes on the health of the 

operating personnel. Experience 
has proved that in a limited 
number of applications this lat- 
ter problem is ultimately the 
more important. 
Sulphur in fuel has often been de- 
fined as existing in two forms—namely, 
inert sulphur and active sulphur. The 
sulphur occurs in many series of ‘com- 
pounds the chemistry of which is quite 
a complicated study. Attempts are some- 
times made to assess the extent to which 
active sulphur compounds are present 
in the fuel before use, by examining 
the discoloration of a copper plate im- 
mersed in the fuel. However, from a 


Sulphated ash .......... > 
Alkaline sulphated ash content...... 


combustion point of view it is the total 
amount of sulphur which is important. 
Regardless of the form in which it is 
present, combustion of sulphur produces 
sulphur dioxide (SO,) and a certain 
amount of the more chemically active 
sulphur trioxide (SO,). Various fac- 
tors, such as the catalytic action of 
oxide surfaces, are liable to assist the 
conversion of SO, to SO,. 


There is therefore no real reason to 
attempt to distinguish the different 
forms of sulphur in a fuel, when the 
relevant problem is to discover by ex- 
periment the maximum sulphur content 
permissible for any given purpose. 


To determine this point, the French 
Navy has carried out a number of tests, 
the most recent of which took place in 
the spring of 1948. As the author took 
part in these tests, the conclusions then 
reached will be stated briefly. 


For the purposes of this last test, one 
of the boilers of a cruiser was fired with 
a Heavy Fuel Oil No. 1, of Middle 
Eastern origin. This fuel had the fol- 
lowing basic characteristics : 


ea) Men 105 centistokes at 50 deg. C. 
Wa calli 3.5 


percent 
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TABLE 2 

Constituents 1 2 3 4 5 6 
Smoke black (tarry carbon matter)..| 24.6 38.2 34.8 47.4 35.9 37.3 
Iron as Fes Og, percent.........--. 25.2 30.6 18.7 10.8 24.4 29.0 
Aluminum as Als Og, percent....... 0.3 Traces Traces Traces Traces Traces 
Caletam CaO, 0.3 0.8 0 0 0 0 
Sulphates as SOxg, percent.......... pe; 14.7 27.7 19.9 26.1 20.4 
Vanadium as Va, percent.......... 1.9 0.6 1.5 1.2 1.8 1.8 
eu 0 0 0 0 0 0 
0 0 0 0 0 0 


The boiler under trial was of the type 
brought into service in 1939, design 
pressure of 27 kg. per sq. cm. for super- 
heated steam operation. It had pre- 
viously been cleaned and fitted with 
test specimens of mild steel and copper 
which were placed in the tube bundles. 


The test lasted for 125 hours, during 
which 282 tons of fuel were consumed. 
The other boilers in the ship were fired 
with the normal grade of fuel hitherto 
used which had a sulphur content not 
exceeding one percent. The conclusions 
drawn from the results of this trial refer 
in the first place to the material, and 
may be summarized as follows: 


Lighting up: No trouble. 


Brickwork: The brickwork of the 
boiler under test showed no particular 
evidence of deterioration. It was in the 
same condition as that of the other boilers. 

Deposit on Boiler Tubes: The ex- 
ternal dirt and deposit of soot on the 
nests of boiler tubes were not appreci- 
ably greater than those found with the 
use of the usual grade of fuel. 


Nature of Soot Deposits: Four sam- 
ples (Nos. 1, 2, 3, 4) were taken’ from 
the boiler under trial, and two (Nos. 
5 and 6) from a boiler burning the 
usual grade of fuel. The analysis of 
these samples, which is given in Table 
2, emphasizes a phenomenon which gave 
rise to some surprise at first. The soot 
from the boiler under test was quite 
comparable to that from the boiler burn- 
ing ordinary fuel, and it was especially 
noted that the sulphate content was the. 
same. 


It must be concluded from these re- 
sults that the sulphate content of the 
ashes does not depend upon the sulphur 
content of the fuel—in fact, there will 
always be an excess of sulphur—but 
upon the elements, particularly sodium, 
which enter into combination with the 
sulphur in the furnace. The sodium 
may be present in the fuel itself, but is 
more likely to be introduced accidentally 
owing to the contamination of the fuel 
oil with sea water. It should be noted 
that the iron content is much the same 
in all samples. No special wastage can be 
attributed to the effects of the greater sul- 
phur content of the new fuel employed. 


Visible Corrosion: No fresh or ab- 
normal corrosion was observed either 
in the tube banks or in the gas passages 
of the boiler. 


Examination of the Test Specimens: 
Upon being examined and weighed, the 
test specimens were found to have be- 
come browned, although they still re- 
tained their polish; also, they showed 
no sign of pitting or corrosion. So far, 
therefore, as the material is con- 
cerned, the evidence is not unfavorable 
to the employment of fuels with a sul- 


phur content of up to 3.5 percent. 


In dealing, however, with the physio- 
logical effects of the use of fuel with 
this degree of sulphur content, certain 
disadvantages present themselves. The 
chief effects. noted in this connection 
may be stated briefly as follows. 


On the Bridge: With a following 
wind, it was found that the smell of 
sulphur was very marked. Both respira- 
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tory organs and eyes were apt to be- 
come irritated. With other wind direc- 
tions, however, these effects were less 
marked. 


On Deck: The sulphur fumes were 
noticed only when lighting up, and at 
slow speed with no wind, and at moder- 
ate speeds with a following wind. There 
was only slight irritation of the respira- 
tory tract, and no ill effects were ob- 
served from this. 


Engine and Boiler Rooms: The sul- 
phur fumes were perceptible as on deck, 
and likewise with no apparent ill effects. 


One particular point, however, must 
be noted. On board the cruiser under 
test, the galleys were burning boiler fuel. 
Here it was found impossible to use the 
fuel of higher sulphur content, because 
of the considerable discomfort suffered 
by the personnel when the sulphur 
fumes pervaded the overheated atmos- 
phere of these small compartments. 

To sum up, the results obtained dur- 
ing the course of this test confirmed 
previous opinions—that is, that with 


respect to the material, a sulphur con- 
tent of up to 3.5 percent could be 
tolerated without serious inconvenience. 


Beyond this limit, however, as_ the. 


French Navy has been able to verify 
on several occasions, rapid deterioration 
of the platework takes place. 


It is a fact that some of the boilers 
in refineries have used sulphuric tars 
without excessive attacks on the plate- 
work. But these boilers were under con- 
tinuous operation, and the discharge of 
flue gas took place at a temperature 
higher than the dew point of sulphuric 
acid (175 deg. C.). The working con- 
ditions for marine boilers are very dif- 
ferent. The intermittent shutting down 
of the furnaces assists condensation of 
active agents such as SO,, H,, and 
SO, in solution. 


Consideration of these factors, together 
with those relating to the physiological 
effects of sulphurous and_ sulphuric 
gases, can confirm the conclusion that 
a sulphur content of 3.5 percent must 
remain a maximum for the present. 


ASHES AND SEA WATER 


For a long time the specifications for 
furnace fuel oils have omitted any men- 
tion of ash content. Some deterioration 
of the brickwork, such as washing away 
of the refractory, must be attributed to 
the action of sodium, the chemical reac- 
tion proceeding according to: 


Al,O, + H,O + Na,SO, = 
Al,O,, Na,O + H,SO, 


The alumina, which forms at these rela- 
tively low temperatures of about 900 
deg. C. has fluid properties resembling 
those of glass; and the reaction pro- 
ceeds continually as new surface be- 
comes exposed. The magnitude of the 
phenomenon will be clearly evident if 
it is considered that the alumina forms 
about one-third of the substance of the 


* 1948. Trans.I.Mar.E., Vol. 60, p. 43. “Sea 
Effects.” 


fire clay, and that about two-thirds of 
the ash from the fuel is made up of sul- 
phate of soda. It will thus be seen that 
under these conditions, an ash content 
of 1 part per 1000 corresponds to a 
wastage of 1500 kilograms of brickwork 
per ton of fuel consumed. 


The chief cause of sodium in the fuel 
is the accidental introduction of sea 
water into the fuel tanks. The role 
played by sea water was suspected be- 
fore the last war, and it is now well 
established that the greater part of the 
sodium introduced into the furnace of a 
boiler results from the fact that an 
emulsion of salt water and fuel has been 
burnt. The paper read on this subject 
by Gray and Kilner* describes these 
consequences very clearly. 


Water Contamination of Boiler Fuel Oil and Its 
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Nevertheless, it would be unwise to 
neglect an additional source of sodium— 
that is, the sodium content of the fuel 
itself. It should be remembered that 
crude petroleum is never entirely free 
from water, and that the salts contained 
in the water remain in the oil after 
distillation. Moreover, during the re- 
fining process, the refiners sometimes 
add not only lime (which is less harm- 
ful, although it forms sulphate of lime 
which can be removed only by mechan- 
ical cleaning) but also sodium to pre- 
vent corrosion due to sulphur and naph- 
thenic acid. There may, therefore, be 
solid crystallized salts in the residue 
which constitutes the fuel; and this in 
addition to the salts from the sea water. 
Consequently, it would appear necessary 
to impose a limit on ash content of 
Navy fuel, and a maximum of 0.1 per- 
cent (1 part per 1000) would seem 
reasonable. 


To illustrate this point, it will be 
observed that an ash content of 0.1 per 
cent, of which it is assumed that two- 
thirds of its weight is formed by sul- 
phate of sodium, corresponds per ton 
of fuel consumed, to the introduction 
into the furnace of a mass of alkaline 
metal approximately equal to that con- 
tained in 20 liters of sea water, which 
is a considerable quantity. 


If the action of the sodium were 
limited to its attack on the fireclay, it 
could probably be neutralized by the 
use of a-better and more resistant ma- 
terial. But unfortunately, as Gray and 
Kilner have shown in their aforemen- 
tioned paper, sodium is also the cause 
of the formation of deposit on the boiler 
tubes. 


As an instance of the rapid scaling-up 
of the boiler tubes as a result of using 
contaminated fuel, difficulties experi- 
enced in a large French warship can 
be cited, although the particular cir- 
cumstances of this case would make-it 
difficult to determine whether the con- 
tamination was due to the presence of 


sea water or to the introduction of 
sodium in the process of refining. How- 
ever it was, the steaming capacity of the 
boiler became steadily reduced, and very 
soon the personnel were obliged to carry 
out most difficult cleaning operations. 


The troubles experienced in this par- 
ticular case occurred in 1945-1946, and 
reference to them is made because a 
very simple and effective solution has 
since been found. It is in fact, sufficient 
to install an arrangement for spraying 
the tubes. The deposit, which is pri- 
marily composed (as has already been 
stated and shown by numerous analy- 
ses) of soluble sulphates, is by this 
means easily removed. 


The necessity remains, nevertheless, 
to avoid the introduction of sodium into 
the boiler. The engineers in charge of 
the ship’s propulsion plant should be 
able to control the sea water content of 
the fuel. This emphasizes the need for 
the provision of measuring instruments 
designed for shipboard use, such as 
those which use the entrainment of 
water by petrol vapor of the British 
Admiralty pattern. 


It should not be relied upon to recog- 
nize the presence of a dangerous quan- 
tity of water in the fuel by the visual 
appearance of the flame. For example, 
another large warship was found to 
have consumed an emulsion of 10 per- 
cent sea water without the boiler-room 
staff realizing the fact for some time. 

The French Navy allows a maximum 
water content of 2 percent, and this 
must be checked whenever a change- 
over is made from one fuel to another. 

In connection with this question of 
limiting the water content in fuels, there 
should be some mention of the efforts 
which have been made to rid fuel oil of 
all emulsified water which it might 
accidentally contain. The various risks 
of fuel contamination by sea water may 
be summed up as follows: 

(a) Sea water ballast which always 

leaves traces of sea water at the 
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bottom of the tank or in some 
parts of the piping. 

(b) Leaks in the seams of the tanks. 

(c) The introduction of damp air as 
the fuel is consumed. 

(d) Sea entering the ventilating 
shafts in rough weather, etc. 


The agitation which takes place dur- 
ing rolling and pitching may result in 
the formation of an emulsion, which, 
if the troubles previously mentioned are 
to be avoided, must be broken up or re- 
moved before the fuel is used. The au- 
thor must confess that, for the present, 
it would appear that this is the only 
practical course to pursue. Therefore. 
if an emulsion takes place accidentally, 
some means must be found to break it. 


The physical characteristics of fuel 
which assist separation are: 
(a) A low specific gravity. 
(b) A low viscosity. 
(c) A natural tendency to de-emulsi- 
fication. 


These are factors which cannot be taken 
into consideration when drawing up a 
specification. 


With regard to specific gravity, too 
low a limit must not be set for this, as 
otherwise it would not be possible to 
purchase certain heavy fuels such as 
those from Trinidad. As to the vis- 
cosity, this is determined by other 
considerations, such as the rate of flow 
when oiling ship. Thanks to tank heat- 
ing arrangements, viscosity can be con- 
trolled to some extent by the engine- 
room staff. 


With respect to a test for de-emulsifi- 
cation, any attempt in this direction 
would seem to have little chance of suc- 
cess in the case of many fuels, par- 
ticularly those derived from cracking. 
It is, therefore, necessary to provide 
some means of breaking up the emul- 
sions. 


Considerable help toward the solu- 
tion of this problem has been provided 
by the work of Lawrence and Kilner* 
which records interesting results ob- 
tained by the use of “Teepol.” The 
surface-active properties of this product 
explain its action. It reduces the sur- 
face tension of the aqueous solution and 
consequently of the interfacial tension 
between the Teepol-treated fuel and 
water. Here then is a simple means of 
separating the water. Moreover, there 
are a number of other surface-active 
agents which act in the same way and 
which can be made easily available. 


As a matter of interest, mention can 
be made of the laboratory experiments 
carried out with forty-one different 
commercial products, which have given 
surface tensions varying from 46.8 
dynes per cm. to 22.7 dynes per cm. 
Their effectiveness can be appreciated 
if it is remembered that the tension of 
pure distilled water is 73 dynes per cm. 
and that of a solution of Marseilles soap 
is 21.4 dynes per cm. It is believed 
that the use of these products ashore, 
assisted by a temperature sufficiently 
high to help the globules of water to 
settle by decreasing the fuel viscosity, 
should give results. 


Experiments carried out at the Naval 
fuel stores to find a method suitable for 
the breaking up of emulsions on an in- 
dustrial scale by the application of a 
commercial surface-active product (Sin- 
nopon) have, after considerable efforts, 
been crowned with success. 


It should, however, be noted that the 
drop in interfacial tension between the 
two phases fuel and water. reduces the 
energy necessary to the formation of 
an emulsion, and that a fairly gentle 
agitation will produce dispersion—that 
is, a result opposite to that aimed at. 
This fact would seem to prohibit the 
use of this method on board a ship at 
sea. 


* Ji.Inst.Petroleum. 1948, Vol. 34, p. 821. “Emulsions of Sea Water in Admiralty Fuel Oil with 


special reference to their Demulsification.” 
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Another source of anxiety, which is 
connected with the previous one, arises 
from the observation that the interfacial 
tension between a fuel and a solution 
seems to be little affected by the amount 
of surface-active agent contained in the 
latter. It would seem that a stable 
interfacial tension is attained from the 
moment when a very thin layer, perhaps 
even only a single molecule in thick- 
ness, is adsorbed at the interface. This 
layer would, of course, be produced 
from very low concentrations. 

Thus it might happen that in a tank 
which had previously contained an emul- 
sion which had been treated with an 
emulsifying agent, there might remain 
enough of the active product which, 
after dilution with a new fuel charge, 
would still be effective to assist the 


BEHAVIOR OF FUELS 


For some years past, and since fuels 
from the Middle East have come into 
more general use, difficulties have been 
experienced in the employment of fuels 
at low temperatures. Shore installations 
have been brought to a standstill owing 
to the impossibility of pumping the fuel. 
The same troubles have been experi- 
enced on board merchant ships in cold 
waters. This was not so much due to an 
exceptionally low ambient temperature, 
but to the fact that the paraffin base fuels 
of the Middle East are most unfavor- 
ably affected by cold. 

One can for discussion purposes 
classify petroleum fuels into: 

(a) those of naphthenic or asphaltic 

base, 

(b) those of mixed asphaltic-paraffin 

base. 


Such a division is not, however, very 
accurate. 

The variation in viscosity of the 
former with the temperature follows 
Walther’s law fairly closely, which is 
to say, a straight line relationship ob- 
tains in a diagram in which the loga- 
rithm of the temperature is plotted 


formation of an emulsion in the event 
of admission of water or sufficient mo- 
tion of the ship. The problem of the 
breaking up of an emulsion on board 
ship is therefore not yet entirely solved. 
In fact, it is even probable that there 
is no single general solution. The vari- 
ous emulsions differ from one another 
according to the nature of the disperse 
phase which may be fuel or may be 
water (as is generally the case with 
emulsions on board ship), and their 
stabilization is due to a variety of 
causes. They are more or less assimila- 
ble in colloidal suspensions, and it is 
certain that the various means in use 
to produce flocculation of such suspen- 
sions will all have to be brought into 
play according to the case and the 
result aimed at. 


AT LOW TEMPERATURE 


against the log-log of a linear function 
of the viscosity. 


The divergences which have been ob- 
served in viscosity determination accord- 
ing to whether the measurement is 
carried out with increasing or decreas- 
ing temperature are too small to be of 
any decisive importance. The viscosity 
naturally increases with the cold, but 
the fuel remains fairly fluid until it 
reaches a certain low temperature be- 
cause it does not contain any solid 
constituents. But after passing a cer- 
tain temperature, known as the “pour 
point,” it loses its fluid properties. The 
important factor is that for an asphaltic 
fuel, this pour point is practically inde- 
pendent of the manner at which it is 
determined. It is almost constant. At 
higher temperatures, the fuel is fluid, 
and its viscosity is given sufficiently 
accurately by the viscosity-temperature 
curve. 

This is not the case with Middle 
Eastern fuels, for which it is difficult 
to define a viscosity below 50 deg. C. 
For some fuels there is even an actual 
“drop point” above 50 deg. C. It is only 
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at a temperature above 50 deg. C. that, 
as the wax is dissolved, the fuel be- 
haves in the manner indicated by Wal- 
ther’s law. 


At temperatures below 50 deg. C., the 
paraffin crystallizes and the structure, 
influenced by the very variable state of 
the crystallization arising from the cir- 
cumstances existing at the time, is no 
longer constant. The fuel is no longer 
viscous and Walther’s law therefore does 
not apply. To illustrate the great varia- 
tion in viscosity below 50 deg. C. for 
this type of fuel, an instance may be 
given of a sample which had a viscosity 
below 50 centistokes at 50 deg. C. and 
for this reason might have been classed 
among the light fuels, whereas in fact 
it was solid at 45 deg. C. 


That is why, in order to determine 
a fixed datum point, the specification of 
F.F.O. (furnace fuel oil) lays down the 
limiting viscosity at 50 deg. C. 


The crystallization of paraffin is re- 
sponsible for yet another phenomenon 
which has serious consequences. With 
the inconstancy of the pour point, there 
are certain fuels for which the variation 
of the congealing point between the 
port of embarkation in the Persian Gulf 
and the port of discharge in Europe 
varies as much as 20 to 25 deg. C. Little 
need be said to emphasize the danger 
which a ship would run in using such 
a fuel which, having been embarked on 
the understanding of a satisfactory pour 
point, would be found to have become 
solidified in the tanks a few weeks later. 


It is said that the congealing point 
depends upon the previous thermal or 
mechanical history of the fuel. Now this 
influence of the history of the fuel can 
be better explained by noting that the 
variability of the pour point seems to be 
affected by simultaneous presence of 
paraffinic and asphaltic matter. These 
latter act somewhat in the manner of a 
“pour point depressant” used for lower- 
ing the congealing point of certain lubri- 
eating oils. While cooling, the asphaltic 


matter which comes out of solution, is 
deposited on the nascent paraffin crystals 
in course of formation, thus isolating 
them from the “nyitritive” matrix, ar- 
resting their development, and so caus- 
ing a formation of small crystals which 
forms a rigid structure only at fairly 
low temperature, or for a more lengthy 
period of contact. Without asphalt, a 
rigid structure of large crystals would 
have formed quickly at a higher tem- 
perature. The action of the asphalt is, 
therefore, to lower the pour point. Un- 
fortunately, this action is but temporary, 
and, as it were, the paraffin crystals 
free themselves in the course of time 
from their asphalt envelope to build up 
a system of large crystals which they 
would have formed at once if no asphalt 
had been present. 


The interpretation of facts assists the 
understanding of the principle of cer- 
tain methods which are carried out in 
the laboratory in order to determine a 
pour point which would avoid for the 
user any “surprise,” and which could be 
called the “true pour point.” The aim 
of such a method would be to determine 
the temperature above which the fuel 
would always remain fluid, and below 
which it would certainly solidify sooner 
or later even if its thermal or mechani- 
cal history allowed it to remain tem- 
porarily fluid. 


Certain authors (“Cold Test for 
Fuels,” by Moerbeek and A. C. Van 
Beest) have shown that it is sufficient 
to apply the A.S.T.M. method to fuel 
freed from asphalt, either by the action 
of sulphuric acid or by selective extrac- 
tion by a solvent. The same result might 
be obtained by a technique employing 
purely physical means. The method of 
heating up to 100 deg. C. has been 
recommended, whereby the asphalt and 
paraffin would be entirely dissolved. All 
influence of prior history would thus be 
removed. This would be followed by a 
cooling to 0 deg. C. in order to crystal- 
lize the wax and precipitate the asphalt. 
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The product would then be reheated to 
about 35 deg. C. to 45 deg. C., which 
would once more dissolve the wax, 
whereas the precipitated asphalt would 
remain undissolved and, therefore, would 
have no more influence than any other 
sediment. In this condition it would be 
possible to determine the “true” con- 
gealing point of the fuel. The matter is 
being studied in the Naval Laboratory 
in order to obtain by various tests con- 
firmation of the exactitude of these 
views. 


It is unnecessary to emphasize the 
importance of the development of a 
practical method to determine the maxi- 
mum jelling point temperature. If such 
a method were to be perfected, it would 
be possible to establish a limit to the 
true pour point for the Naval fuel, so 
that both technical requirements and 
financial considerations could be satis- 
fied. 


Once the uncertainty with respect to 
the real value of the pour point has 
been cleared up, the primary considera- 
tion will be to establish the temperature 
at which the fuel can be carried in the 
tanks. For reasons of health and safety 
it is estimated that this temperature 
should not be above 30 deg. C. Fuels 
which have a “true pour point” con- 
siderably below this could therefore be 
used. The principles governing the use 
of fuels can be stated as follows: 


Heating is carried out in two stages. 


The tanks are fitted with coils which 
ensure a uniform heating effect which 
liquefies the fuel so as to enable it to 
enter the suction intake of the pump. 


The heating coils are placed as low 
as possible so as to reduce the volume 
of unpumpable fuel as completely as 
local arrangements permit in order to 
avoid what has been called the “Igloo 
effect” (or rat-hole), i.e., the formation 
of a cavity left by the melted fuel which 
has been drawn away by the pump. 


The general heating system must be 
capable of raising the temperature of all 
the fuel to 30 deg. C. even under the 
most severe temperature conditions, 
which in Europe has been fixed as 1 
deg. C. for sea water and 8 deg. C. for 
the atmosphere. 


The heating of waxy fuels once they 
have congealed is difficult, since the con- 
vection of heat throughout the solid 
mass cannot take place, and progressive 
melting by thermal conduction is a very 
slow process. The heating of the tank 
to 30 deg. C. will thus be slow, and it 
may take as long as 6 hours for the 
boiler room tanks and 24 hours for the 
reserve tanks. In this connection it must 
be kept in mind that the temperature 
of the heating surface must not be too 
high, in order to prevent excessive 
“coking” of the fuel where it is in con- 
tact with the heating coils, which, if 
allowed to occur, would call for unduly 
frequent cleaning. 


Final heating is carried out by a heat- 
ing coil surrounding the suction pipe. 
Its purpose is to raise the fuel which 
has become fluid to a temperature which 
will ensure a maximum viscosity con- 
sistent with boiler operation at full 
power. This viscosity is about 600 centi- 
stokes. 


The use of paraffinic fuels also re- 
quires the heating of the suction pipe 
between pump and fuel tank. 


Arrangements must also be made for 
lighting up the boilers from cold. Steam 
for heating the fuel may be obtained 
from a neighboring ship or from a 
lighter; or heating may be carried out 
electrically with electric current pro- 
vided by the auxiliary generator plant 
of the vessel, or from some outside 
source. But arrangements of this kind 
are costly and heavy, and they also re- 
duce efficiency and complicate operation, 


Failing sufficient §viscosity-breaking 


equipment, this is the price, however, 
that must be paid if one is not to limit 
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oneself to those fuels from the Middle 
East which, after a long storage at 
about 0 deg. C. still possess a viscosity 
lower than 600 centistokes. Such fuels 
contain a large proportion of gas oil 


which should not be fired under boilers, 
but should be reserved for use in Diesel 
engines; otherwise both industry and 
shipping are likely to suffer from short- 
ages of Diesel fuel. 


STABILITY AND COMPATIBILITY OF FUELS 


Reference has been made to the “cok- 
ing’ of fuels in contact with heating 
coils. This matter is linked up with the 
more general question of the stability 
of fuels and their mutual compatibility. 


As understood by the user, a stable 
fuel is one where flocculation does not 
occur nor are asphaltic deposits pro- 
duced in storage or under service con- 
ditions. Compatibility of a fuel is its 
capability to form stable mixtures with 
other fuels. 


Experience has proved that not all 
fuels are stable, nor are all compatible 
with each other. Ships have in fact 
found themselves in difficulties after 
using mixed fuels from different sources. 
Piping and heating coils have been 
found blocked, and this has necessitated 
the shutting down of boilers and the 
carrying out of difficult cleaning opera- 
tions. These troubles have occurred 
when the products of cracking—and par- 
ticularly of thermal cracking—have been 
used. 


The explanation of these facts lies in 
the very nature of fuels. Fuels are com- 
posed of residues, of very complex mix- 
tures of hydrocarbons belonging to all 
the series, some of them of very high 
molecular weight. To these must be 
added, although only in small quantities, 
asphaltic products containing oxygen, 
sulphur, and sometimes nitrogen. The 
different series of hydrocarbons, with 
their various members, exist in very 
variable proportions according to the 
origin of the crude oil and to the treat- 
ment it has received. In certain cases 
the mixture proves stable thanks to a 


mutual solution of the constituents. 
Similar compounds of a series are 
soluble in the neighboring compounds of 
a series. Like dissolves like. 


All series of hydrocarbons, however, 
have not the same solvent power, espe- 
cially where it is a matter of solubility 
between different hydrocarbon series. 
In this connection, certain definite 
qualities emerge. Aromatic hydrocar- 
bons are excellent solvents, whereas 
saturated hydrocarbon compounds are 
much less so. Ordinary petrol precipi- 
tates asphalts, benzine dissolves them. 
The mixture which goes to make up a 
fuel may still appear stable, because of 
a dispersion of colloidal nature, contain- 
ing large insoluble molecules, micro- 
crystals of paraffin, etc. 


The equilibrium of the colloidal sys- 
tem is assisted by the presence of cer- 
tain peptizing compounds such as an- 
thracenic oils distilled from coal, tars, 
and aromatics obtained from solvent 
refining operations. Viscosity is also a 
factor affecting equilibrium. The basis 
of the reasons which have been given 
to explain instability derives from very 
important experimental findings. 


Fuels from cracking as they come 
from the still, are stable. Left to them- 
selves, they leave no deposit when heated 
to temperatures of 80 to 100 deg. C. 
The same applies to fractionated fuels, 
but mixing them frequently results in 
flocculation. This leads to the conclu- 
sion that in cracking operations, as in 
straight distillates, the different consti- 
tuents are present in such proportions 
that an equilibrium is attained from 
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the mutual solubility of the various con- 
stituents, a gradual peptization taking 
place of the heavier compounds by the 
neighboring lighter ones, from the 
higher members to the lowest of a 
hydrocarbon series. Similarly, solution 
and peptization of the heavy constitu- 
ents by solvents and dispersants, to 
which reference has already been made, 
may occur, with aromatics, for example, 
as well as with naphthenes. Stability 
results from a certain harmony in the 
relative proportions of the constituents. 


The mixture of two stable fuels by 
altering the mutual concentrations, alters 
the equilibrium of the solutions and of 
the suspensions, and leads to a break- 
down, so that the fuel flocculates. This 
point of view is entirely confirmed by 
the work of Butlin.* It provides a 
means of evaluating one of the charac- 
teristic elements of stability. It refers, 
it is true, to the compatibility between 
fuels and gas oils, but the principles 
upon which it is founded are, in the 
author’s opinion, also valid for mix- 
tures of fuels. 


With any given fuel it can be deter- 
mined experimentally with which dilu- 
ent—white spirit—(without aromatics ) 
with the addition of m percent of xylene 
—it can be mixed, in the volumetric 
proportions of 1 to 5 without floccula- 
tion. 


The smallest value for m constitutes 
the “xylene equivalent” of fuel. This 
may be regarded as a measure of the 
tendency of fuel to: flocculate. The ex- 
pression 100-2 would, on the contrary, 
be a measure of its stability. It would 
therefore seem possible to find the re- 
lationship which must exist between the 
“xylene equivalents” of two fuels in 
order that they should be compatible, or 
else the maximum “xylene equivalent,” 
in order that the fuel should be stable 
for Naval purposes: 


An investigation into this matter is 
now taking place in the French Fuel 
Testing Station. 


But if the users have not as yet at- 
tained a standardized laboratory method 
of control for stability, they have for a 
long time been taking precautionary 
measures. Thus it is that the French . 
Naval Specification of Ist March, 1937, 
laid down: 


‘ “That F.F.O. (furnace fuel oil) 
must show no tendency to form sedi- 
ment between temperatures of 0 deg. 
C. to 40 deg. C.” 


“F.F.O. should not show any tend- 
ency to form excessive sediment in 
the heaters when being raised to a 
temperature corresponding to 30 centi- 
stokes.” 


It should be noted that here 30 centi- 
stokes is the viscosity of the fuel taken 
at the burners. 


Control was effected by means of a 
centrifuge with a mixture of equal 
parts of fuel and of a fluid paraffin oil 
(with zero iodine value). The mixture 
was first raised to 100 deg. C. and the 
amount of sediment gave a conventional 
classification of the fuel. In case there 
was some technical difficulty, a supple- 
mentary stability test was also allowed 
for. The fuel was heated for 24 hours 
at 140 deg. C. and then placed in a 
centrifuge together with an equal vol- 
ume of benzine at an approximate tem- 
perature of 50 deg. C. The amount of 
sediment was also measured in this case. 


Since the last war, the French Navy 
has ceased to use these methods in favor 
of the N.B.T.L. test given in the speci- 
fication of the American Navy. This 
test is universally known, and repro- 
duces fairly well the temperature condi- 
tions to which the fuel is subjected in 
practice on board ship. The test actually 
consists of the formation of a closed 
circuit for 20 hours of a certain quan- 


* Jl.Inst.Petroleum, 1950, Vol. 36, p. 43. “Stability of Fuel/Gas Oil Blends.” 
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tity of fuel around a heater tube in such 
a way that the temperature of the fuel 
is maintained at 93 deg. C. At the end 
of the test the deposits on the tube are 
examined. In order to arrive at a better 
appreciation of them, about 20 cm. of 
the tube is washed with benzine, after 
which half this section is cleaned by 
hand with a clean soft rag. The tube is 
then subdivided into three lengths: 

(i) Neither washed nor wiped. , 

(ii) Washed but not wiped. 

(iii) Washed and wiped. 

To quote the specification: “A stable 
fuel is characterized by the presence of 
a simple film of fuel on the first length, 
and a discoloration or negligible amount 
of film on the second length.” 


It is obvious that the third length, 
would show a bright metal surface, with 
no discoloration. 


It is not enough, however, to ensure 
the stability of the fuel. It is also neces- 
sary to prevent a heavy flocculation 
after oiling ship at any port where the 
ship may call. It is furthermore neces- 
sary to control the compatibility of the 
fuel which has been taken in with the 


fuel which is already in the tanks. Yet 
it. is obviously impossible to test each 
fuel with every other fuel which may be 
encountered. Two reference fuels, there- 
fore have been selected, which are con- 
sidered to be at opposite limits of the 
possible range. These are: 


One is of a paraffin base obtained 
by distillation. This is the Middle 
East type of fuel. 


The other is a mixture of fuels de- 
rived from cracking, such as the fuels 
produced on the West Coast of the 
U.S.A. 


It may be assumed that the fuel under 
consideration will be compatible with 
any other Navy fuel provided that it is 
separately stable at the N.B.T.L. test 
when mixed in equal parts with each of 
the reference fuels. 


The N.B.T.L. test, while empirical, 
has much to commend it, but it cannot 
be determined on board ship. If it were 
possible to produce a test as simple as 
the xylene equivalent and relate this to 
practical questions of stability and com- 
patibility, the Navy’s problems would 
be greatly eased. 


EXPLOSIVE VAPOR CONTENT 


Before the last war, the French Speci- 
fication did not concern itself with the 
content of gaseous hydrocarbons dis- 
solved in the fuel, but the present speci- 
fication fixes an upper limit, as in the 
American Navy Special. Evidently, as 
is still the case, a minimum flash point 
was laid down; but the object of this 
is to limit the amount of light products, 
both liquid and gaseous. It is only with 
some difficulty that the presence of these 
products in dangerous proportions can 
be discerned when making tests with 
the Luchaire or Pensky-Martens appa- 
ratus. 


Some modern cracking processes are 
inclined to leave in the fuel oil a cer- 
tain amount of lighter hydrocarbons, an 


excessive quantity of which could be 
dangerous. During storage, specially in 
tanks on board ship, these dissolved 
gases are slowly liberated and the con- 
fined atmosphere above the fuel may 
become explosive. Their presence may 
also be dangerous when the burners 
are being lit. The presence of such dis- 
solved light hydrocarbons can be checked 
by shaking at 52 deg. C. in a half-filled 
container. The air in the container 
becomes filled with volatile constituents, 
and the content of explosive vapors is 
measured by the use of a_ properly 
graduated explosimeter. The explosibil- 
ity indicated should be less than half the 
lower limit of explosibility of natural 
gas. 
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ASPHALT 


There is a tendency in modern speci- as fine a pulverization as possible. As 
fications to ignore the asphaltic content soon as the asphalt content gets above 
of fuel. But even if the influence of 10 percent, heating and pulverization 
asphaltic compounds is neither so are insufficient to ensure proper combus- 
marked nor so deleterious. as. that of tion ; and small dry pellets are formed 
sodium or sulphur, its technical aspect jn the furnace. Their formation is due 
should not be overlooked. to the fact that droplets of a fuel con- 

For its complete combustion, asphalt taining asphalt burn only on the surface, 
requires a fairly high temperature and leaving a core of unburnt combustible. 


HEAVY FUELS AND GAS TURBINES 


The French Navy has not so far had The deposit is of the same kind as 
any experience with gas turbines used that found in boilers, but more compact, 
for propulsion. It possesses, however, harder, and more adhesive, particularly 
some “Sural” boilers for which the com- where it has accumulated by centrifugal 
bustion air is provided by turbo-com- force on the outside root of the blade 
pressors which are driven by gas tur- where it is removed only with some 
bines supplied with the furnace gases difficulty when dry. But removal of the 
from the boilers. deposit when wet can be effected easily. 
This is done by soaking it for several 
hours in softened water, after which it 
can be washed off with a hose. 


Here again the presence of sodium 
has caused a certain amount of trouble. 
The gases, on entering the blades, are 
still very hot (above 500 deg. C.), and Chemical analysis has shown that the 
sometimes alkaline sulphate in the form magnitude of the deposits is not due to 
of paste, drawn in by the current of accidental incomplete combustion leav- 
gas, is deposited on the blades, thus ing a small amount of unburnt carbon; 
bringing about accumulations of de- neither is it related to the ash content; 
posits. but it increases rapidly with the sea 

When making an inspection of these Water content of the fuel. The deposit 
boiler turbo-blowers, the following ob- which takes place fairly slowly at first 
servations were made concerning the after cleaning, increases more rapidly 
origin of the deposits. when it has reached a certain thickness, 
and also when the boiler and super- 
heater tubes on the inlet side of the gas 
current become soiled. 


(1) The dirt is particularly heavy at 
the inlet. The deposit formed is com- 
pact and flakes off easily. 

(2) The stationary blades are very This can be explained quite easily by 
rough even on the side where the gas the fact that the deposit remains in the 
leaves. On the back of the blades the form of solid particles, agglomerated 
deposit was 3 to 4 mm. thick, probably but not viscous, so long as their tem- 
owing to the reduced speed of the gas. perature remains below 550 deg. C. In 

(3) The deposit on the moving blades this condition the impurities brought in 
is less heavy. It is found principally by the gas cannot be retained; but as 
near the blade tips, due to centrifugal soon as the boiler and superheater tubes 
action, and on the back of the blades at reach a certain degree of dirtiness, heat 
the inlet side. absorption diminishes and hotter gas 
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therefore enters the turbine. When a 
temperature of 550 deg. C. is reached, 
the pasty consistency of the alkaline 
sulphate helps to bring about agglomera- 
tion of all the solid waste carried along 
with the flue gases. 

The growth in thickness of the de- 
posit in time may be represented by 
Fig. 1. 

Mention has been made of the de- 
structive action of vanadium which is 
formed in various residual fuels in ap- 
preciable amounts up to about 0.05 per- 
cent, more especially in heavy fuels from 
Venezuela and Iraq. This is a danger- 
ous element, and is a veritable poison 
for steels which have a high molybde- 
num content, and which have to with- 
stand high temperatures. 

As the author has no personal experi- 


Thickness 
of deposit 


becomes pasty 
Fic 1. 


ence in this connection, he cannot give 
first hand information on these matters. 
But it is well-known that in refineries 
vanadium has attacked the tubular sup- 
ports of “still-pipes’’ made of molybde- 
num steel to a point where they have 
disappeared completely. When gas tur- 
bines enter regular service, this point 
will have to be considered in the speci- 
fication. 


BOILER FUELS IN DIESEL ENGINES 


For several years, a number of suc- 
cessful attempts have been made to use 
heavy boiler fuels for marine Diesel en- 
gines. So far such attempts have been 
confined to large main engines running 
at relatively low speeds, such as 120 
rpm. 


Some time before the last war, Bur- 
meister and Wain engines fitted in 
French Naval tankers were run on rela- 
tively heavy fuel up to 50 centistokes at 
50 deg. C. It was simply specified that 
such fuel should have the following 
purity characteristics : 

Sulphur content. .less than 2 percent 

Asphalt content. .less than 1.5 percent 

Ash content..... less than 0.5 percent 


One of the French. Shipping Companies 
(the Compagnie Auxiliaire de Naviga- 
tion) in similar engines used a fuel of 
approximately. 300 centistokes at 50 deg. 
C. A report on this subject is given by 
Monsieur J. Perrachon in the Bulletin 


of the Association Technique Maritime 
et Aeronautique, No. 48 of 1949, page 
347. 

The experiments of the Auricula* 
also prove that the use of heavy fuels 
(1500 sec. at 100 deg. F.) is both pos- 
sible and economical in Diesel propel- 
ling engines. In fact, the author con- 
siders that fuels of most varied viscosity 
and even of varied chemical nature can 
be used without any difficulty in slow 
speed internal combustion engines. 

During the 1939-45 war, submarine 
engines of the Sulzer type, for instance, 
were able to run on ground nut oil, 
provided that certain precautions were 
taken regarding the organic acidity of 
this oil. This fuel had of course char- 
acteristics which differed very material- 
ly from the ordinary normal gas oil. i.e. : 

(a) Viscosity at 20 deg. C. was 85 to 

90 centistokes instead of 3 to 9. 

(b) Flash point of 258 deg. C. in- 

stead of 75 deg. C. 


*Lamb, J. 1950. Dione’ Mort Vol. 62, p. 217. “Further Developments in the Burning of 


Boiler Fuels in Marine Diesel Engines.” 
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(c ) Spontaneous ignition tempera- 
ture of 400 deg. C. instead of 
260-280 deg. C. 

(d) Heating value of 9560 calories 
instead of 10,700 calories. 


Engines have also been run on a great 
variety of oils such as palm oil and 
rapeseed, cotton, sunflower, olive, lin- 
seed, maize, and soya oils. This list 
could no doubt be extended. 


With respect to petroleum fuels it is 
necessary to lay down fairly close speci- 
fications if trouble is to be avoided. It 
will probably be necessary to avoid 
using such fuels unless the characteris- 
tics indicate a fairly high measure of 
purity. 


The reports referred to above draw 
attention to the need for purifying the 
fuel. As in the case of boilers, the most 
injurious elements are sodium and sul- 
phur for the following reasons: 

(a) Sodium forms sulphates which 
are deposited on the valves and 
are responsible for back firing 
when the hot gases find a pas- 
sage through this layer of salt. 
Sulphur produces corrosive sul- 
phur dioxide and trioxide. 


(b) 


The centrifuging of the fuel aboard 
ship allows the sodium to be got rid of 
to some extent by extracting the salt 
water and so eliminating certain solids 
in suspension. For certain fuels even 
such means are insufficient, and there is 
no doubt that recourse will have to be 
made to washing the fuel with fresh 
water to remove the chloride and the 
naphthenate of sodium, as has already 
been stated. Unfortunately, it is not 
possible to do this on board ship, nor is 
it very easy ashore, as there is danger 
of producing emulsions. 


A determination of the ash content 
will give some idea of the efficacy of 
the measures taken. It should be pos- 
sible to get it below 0.05 percent, which 
would be quite acceptable. 


As regards sulphur, the only possible 
course at present is to fix a maximum 
content. 


Whenever the temperature at any part 
of the engine which may be contacted 
by the combustion gases falls below the 
dew point—that is, somewhere in the 
region of 175 deg. C.—sulphuric acid 
condensation with a solution of sulphur 
dioxide may take place. The tempera- 
ture in a crank case is obviously much 
lower. 


Diesel motors ashore, however, oper- 
ate at high temperatures, yet the operat- 
ing personnel are well acquainted with 
the amount of wear, dirt, and difficulty 
of maintenance resulting from the use 
of gas oil contaminated with sulphur. 
Even a sulphur content of below 1 per- 
cent can have a most injurious effect. 
It has, in fact, been found necessary to 
produce special heavy duty lubricating 
oils, such as Supplement No. 1 and Sup- 
plement No. 2, in order to avoid cor- 
rosion and other troubles. The high 
prices of such lubricants are sufficient 
testimony of the importance placed by 
the operators on a fuel free from sul- 
phur. 


Even if some of the evil consequences 
of sulphur were to be minimized by the 
resistance of the material, this element 
remains nevertheless most injurious to 
marine engines, and the author con- 
siders it essential that a limitation of 
the sulphur content to 2 percent should 
be imposed. 


From a technical point of view, the 
high viscosity of fuel oil does not con- 
stitute a serious difficulty, as it is only 
necessary to heat it to a sufficient fluid- 
ity for injection. Fortunately there re- 
mains a certain margin, and the pul- 
verization is still correct up to about 25 
centistokes. If relatively thick vege- 
table oils such as have been mentioned 
above, are used, their viscosity still 
allows satisfactory injection. As com- 
pared with gas oil, however, it has been 
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found necessary to increase the load on 
the needle springs in the mechanical 
system from 20 to 50 kg. per sq. cm. 
For engines with an air-blast injection 
system, the air pressure has to be in- 
creased, from 5 to 10 kg. per sq. cm. 
It may be noted that a viscosity of 25 
centistokes can be obtained at 90 deg. C. 
with the Grade II type of fuel of the 
U.S. Navy (300 centistokes at 50 deg. 
C.), which is not excessive. 


Another feature of vegetable oils is 
their ignition delay. It has been found 
necessary to advance the injection from 
1 to 2 degrees. Such considerations are 
also valid for heavy petroleum fuels. 
Incidentally, these fuels possess certain 
advantages over light fuels, inasmuch 
as their use results in smoother running 
and the engine knocks less. The author 
has noticed this on many occasions with 
Bermeister and Wain engines. 


In conclusion, the author considers 
that the use of heavy fuels in Diesel en- 
gines is dependent on their purity. The 


principal characteristics of this essential 
purity are a low ash and a low sulphur 
content. Adequate arrangements for 
heating the oil to a suitable viscosity 
for injection are also necessary. No 
special technical problem is raised by 
these requirements. 


As regards the question of whether it 
is financially advantageous to use these 
products, this can only be decided by 
drawing up a balance sheet. On _ the 
credit side would appear the low price 
of these fuels, while on the debit side 
there would be the cost of setting up 
purifying and heating installations and 
their amortization. But neither of these 
factors can be considered as fixed. 


With respect to the question of avail- 
ability of fuels, it is certain that the 
demand for gas oil and for light fuels will 
be increasingly difficult to satisfy; so 
that it would, therefore. be desirable to 
persuade the makers of Diesel engines 
to make their equipment more flexible 
in regard to fuel requirements. 
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Following the close of World War II 
over two thousand vessels of the United 
States Navy were placed in an inactive 
status. 

This establishment of a “Reserve 
Fleet,” which was obviously dictated by 
economic reasons, had been planned well 
in advance of the conclusion of World 
War II and the efficacy of the concepts 
developed by the original planners of 
the Reserve Fleet, has been proven in 
the expeditious activation of large num- 
bers of these vessels in the past two 
years; and in the improved material 
condition of all vessels in the Reserve 
Fleets after the five to six years that 
the majority of them have been in an 
inactive status. 

Since the establishment of a Reserve 
Fleet was dictated by economic reasons, 
it followed that the costs of maintaining 
these vessels in a satisfactory material 
condition and an acceptable state of 


material readiness, would have to be 
kept low enough to make the plan feasi- 
ble. This has been accomplished to a 
degree probably far beyond the expecta- 
tions of the originators of this plan. In 
fact, in view of current world events the 
Reserve Fleet has undoubtedly proven 
to be one of the finest investments that 
could have been made. 


The yearly costs of maintaining the 
vessels in the Reserve Fleet have aver- 
aged less than one percent of the orig- 
inal construction costs of these ves- 
sels. Furthermore, the funds that have 
been allocated to the Reserve Fleet 
have been used not only to maintain the 
vessels in a satisfactory condition as 
regards to preservation, but also for 
the over-all improvement of these ves- 
sels. 

With regard to material readiness, the 
current activation program has proven 
that these vessels can be made ready to 
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join the active fleets in accordance with 
the schedules promulgated by the Chief 
of Naval Operations. 


These achievements have been made 
possible principally by the adaptation of 
preservation procedures that are most 
consistent with maintaining the highest 
state of material readiness. Other fac- 
tors, such as the quinquennial overhaul 
program and the various group main- 
tenance projects have also contributed 
in a large measure to the success of the 
Reserve Fleets. However, it is con- 
sidered that the use of dehumidification, 
that is the control of humidity within 
the structural boundaries of the vessels, 
is the most singular reason for the ex- 
cellent preservation and resultant high 
material readiness attained. 


The principles of dehumidification 
within Reserve Fleet vessels have pre- 
viously been reported in this JouRNAL 
and are quite well known. Briefly, it is 
the maintenance of the atmosphere 
within the structural boundaries, at a 
relative humidity of about 30 percent. 
Under these humidity conditions cor- 
rosion of ferrous materials is entirely 
arrested and even highly polished fer- 
rous surfaces will remain bright in- 
definitely. Other materials within the 
vessels are not adversely affected by the 
30 percent relative humidity. Some ma- 
terials such as wood, fiber gasket ma- 
terials, and leather parts, suffer a reduc- 
tion in their normal moisture content. 
However, in most instances this mois- 
ture content is regained when the ma- 
terials are again exposed to ambient 
conditions. Maintenance of the dehumi- 
dification machines and the sensing 
apparatus which provides for the auto- 
matic control of these machines has 
proved to be very low in manpower re- 
quirements. 


An example of the high regard that 
is held for dehumidification is evidenced 
by a development that has taken place 
in the Reserve Fleet, largely on the 
initiative of the personnel that have 


been maintaining these vessels. The 
original instructions for the preserva- 
tion of gun mounts and various machin- 
ery units located topside, called for im- 
pervious plastic packages to be built 
up around these units. However, in 
time it was found that the maintenance 
of these plastic packages required ex- 
cessive manpower. As funds permitted, 
the plastic packages were gradually re- 
placed by metal huts. These huts were 
placed in a series arrangement by suit- 
able temporary piping and small de- 
humidification machines, operating on 
the same principle as the larger ma- 
chines used within the hull interior, 
were then placed in the system. De- 
humidification of costly exposed units 
of machinery and gun mounts was 
thereby attained with a resultant re- 
duction in maintenance requirements 
and vastly improved preservation. 


The only unsuccessful application of 
dehumidification took place early in the 
inactivation program when it was at- 
tempted to maintain small wooden hull 
vessels with the same relative humidity 
as maintained in the interior of steel 
hull vessels. It was found that at 30 
percent relative humidity the planking 
suffered abnormal shrinkage and seams 
opened, permitting seepage of sea water 
into the vessel. Later in the program 
an experiment was initiated to main- 
tain certain machinery spaces in these 
wooden hull vessels at a relative humid- 
ity of 50 percent. Although the vessels 
were activated prior to obtaining con- 
clusive results, the indications were that 
the machinery units within these ves- 
sels could be preserved with controlled 
humidity conditions of about 50 percent 
without shrinkage to the hull planking. 


Another preservation measure used 
on Reserve Fleet vessels that has been 
found to afford excellent protection with 
high material’ readiness are coatings 
known as thin film rust preventive com- 
pounds. These compounds are essen- 
tially a combination of two major con- 
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stituents. One, a solvent of the light 
kerosene type and the other a blend of 
solids, semi-solids, or wax-like inert 
materials. Upon application the solvent 
evaporates leaving a tough protective 
film of the solid materials. These com- 
pounds come in three grades designated 
as I, II and III. Grade I, the toughest 
and thickest of the three compounds, is 
used on corrodable surfaces that are 
exposed to the weather and that cannot 
economically be placed under dehumidi- 
fication such as, standing wire rigging, 
ferrous life lines, machined ferrous sur- 
faces, etc. Grades II and III are used 
within dehumidified compartments in 
locations such as interiors of pipe lines, 
where dehumidified air does not nor- 
mally diffuse, and as a secondary pro- 
tection for corrodable surfaces in the 
event of failure to the power supply 
which make the dehumidification ma- 
chines inoperative. Also, during periods 
of shipyard overhaul the dehumidifica- 
tion machines are secured, and full re- 
liance for protection of corrodable sur- 
faces is placed on these protective films. 


The results attained with grade I 
thin film rust preventive compound in 
the preservation of topside fittings, etc., 
on Reserve Fleet vessels, have been so 
excellent, that, not only has this com- 
pound been adapted for similar usage in 
active fleet vessels, but also, tests are 
now ‘underway to determine whether 
this coating is more durable than the 
standard paint systems for the protec- 
tion of topside hull structure. 


The preservation methods and proce- 
dures prescribed for specific structure, 
equipment, and machinery, have been 
under continuous review throughout the 
entire period of the inactivation pro- 
gram. For instance, the original in- 
structions provided for the drydocking 
of Reserve Fleet vessels once every five 
years for the purpose of inspection and 
renewal of the preservatives applied to 
the underwater structure and appendages. 
However, after a period of approxi- 


mately two and one-half years it was 
noted that the preservative coatings 
applied at the waterline areas on a large 
number of vessels were breaking down 
and resultant corrosion and pitting of 
the shell plating in these areas was tak- 
ing place. In view of this condition a 
program for the interim preservation of 
the waterline areas of all light hull 
vessels berthed in salt water was inau- 
gurated. In most instances, this was 
accomplished by group personnel by in- 
clining the vessels sufficiently to permit 
the surface preparation and painting of 
the waterline area. Also, in connection 
with drydocking periods, it has been 
determined that in some berthing areas 
the drydocking interval can safely be 
extended to six and perhaps seven or 
eight years. In other areas it appears 
that the drydocking interval will have 
to be shortened to three or four years. 
Another procedure for the preservation 
of underwater structure of Reserve Fleet 
vessels, that is now being thoroughly 
and actively investigated, is the use of 
cathodic protection which, if successful, 
will attain for underwater structure a 
degree of preservation comparable to 
that which has been attained for in- 
terior structure with dehumidification. 


The preservation of topside exposed 
structure has been, by far, the greatest 
consumer of manpower in the mainte- 
nance of Reserve Fleet vessels. As such, 
this aspect of preservation has been the 
recipient of the most attention, insofar 
as developing ways and means of im- 
provement. This problem has been in- 
vestigated for surface preparation pro- 
cedures and protective coating systems. 
At the outset of the inactivation pro- 
gram standard paint systems in usage 
at that time were prescribed for ex- 
posed structure of Reserve Fleet ves- 
sels. With these paint systems, surface 
preparation to bare metal is a manda- 
tory requirement for durability of the 
protective coating. This immediately 
presented a problem with the thousands 
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upon thousands of square feet of sur- 
face that required preparation prior to 
painting. The start was very slow, with 
Group personnel using the various hand 
tools, such as, chipping hammers, scrap- 
ers, and wire brushes that were used 
by ships force on active vessels. It was 
soon realized, however, that faster and 
better means would be required if the 
task was going to be accomplished. 
Various commercial mechanical surface 
preparation tools were given trial by 
Reserve Fleet Personnel. Pneumatic 
multiple chipping hammers and a tool 
using multiple rotary cutting blades 
were found to be an improvement over 
hand methods and were extensively 
used. However, even these mechanical 
tools were found to be too slow and 
required altogether too many operators 
for complete surface preparation and 
painting of topside areas. The methods 
of surface preparation that are most 
generally used today, for complete 
painting of Reserve Fleet vessels, are 
sandblasting and grit blasting. In most 
Reserve Fleet groups full scale produc- 
tion blasting is now in progress. Usu- 
ally, vessels are moved to one desig- 
nated area within the group and a well 
trained team of specialists prepares all 
topside surfaces. In one Group a sched- 
ule has been established for the sand- 
blasting of the topside surfaces of three 
vessels, about the size of destroyer, per 
week during the periods of the year 
when this type of work is possible. 


With regard to paint systems in use 
for the preservation of Reserve Fleet 
vessels, there have been many new de- 
velopments and promise of more to 
come. One of the first changes in the 
painting procedures for Reserve Fleet 
vessels was the substitution of red lead 
primer for zinc chromate primer for 
exposed topside structure. Another sys- 
tem which is an innovation in the Re- 
serve Fleet is the use of a coal tar 
emulsion on horizontal surfaces of cer- 
tain types of vessels berthed in very 
damp climates. Also, a pre-wash primer 


has been developed which will inhibit 
corrosion of exposed prepared surfaces 
for as long as seven days. 


A service test of many different types 
of protective coatings for topside struc- 
ture is now in progress in the Reserve 
Fleet. Included in this test is the pre- 
viously mentioned grade I, thin film 
rust preventive compound. Also, in 
these tests, various degrees of surface 
preparation, ranging from merely 
loosening and sweeping down large rust 
scale to the attainment of a bright sur- 
face are being tried with various pro- 
tective coatings. The possibilities of 
flame de-scaling are also being evalu- 
ated in these tests. 


With regards to the overall improve- 
ment in the material condition of Re- 
serve Fleet vessels there are two note- 
worthy programs that were established 
for this purpose. These are the quin- 
quennial overhaul program and the group 
maintenance programs. 


The quinquennial overhaul program 
was established to provide regular ship- 
yard overhauls each year for one-fifth 
of the vessels assigned to the Reserve 
Fleet. Thus, in a five-year period, all 
vessels in the Reserve Fleet were to 
receive a regular shipyard overhaul.:The 
work lists were prepared from avail- 
able records aboard the vessels and 
from information derived from inspec- 
tions conducted by group personnel, 
Board of Inspection and Survey, and 
other inspection groups. Funds were 
allocated by the Reserve Fleet Com- 
manders for the overhauls in the same 
manner as allocations are made by Type 
Commanders in the active fleets. 


In all instances, vessels that received 
shipyard overhauls under this program 
were improved as regards to material 
condition. However, there was one 
inadequacy that became apparent early 
in this program. That was, in a large 
percentage of the vessels, records as to 
actual machinery conditions were not 
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complete since, due to the exigencies of 
war service sufficient attention could 
not be or was not devoted to the prep- 
aration and maintenance of current 
records. Furthermore, due to the in- 
active state of the vessels it was not 
economically feasible to activate units 
of machinery to determine their actual 
condition prior to the overhauls. As a 
result, although all known deficiencies 
that required shipyard repair were cor- 
rected, there were many items not cor- 
rected due to the lack of knowledge of 
their existence. 


Also, in some years sufficient funds 
could not be made available to permit 
the scheduled shipyard overhauls of 
these vessels, and the quinquennial pro- 
gram became an intermittent program 
that was dependent on the availability 
of funds. As a result, when the activa- 
tion of certain numbers of vessels was 
required, not all vessels had received 
shipyard overhauls, and repairs beyond 
the capabilities of ship’s force and 
Group personnel had to be accomplished 
incident to or following the activations 
at industrial activities. 


When it became apparent that due to 
the lack of funds, the quinquennial 
shipyard overhaul program could not be 
carried out each year as_ originally 
planned, an ambitious program was ini- 
tiated for Group personnel to undertake 
ship overhauls within the extent of the 
facilities available. The work accom- 
plished by military personnel in these 
group projects has been outstanding 
and gave evidence of the fact that the 
ingenuity of the American sailor of 
today matches that of the sailor of 
yesteryear when it comes to devising 
ways and means for the repair of ma- 
chinery and equipment. Also, and not 
surprisingly, the morale of the person- 
nel assigned to the Reserve Fleet re- 
ceived a tremendous lift when those 
persons were called upon to do extensive 
repair work. 


As previously mentioned, the current 
activation program has proven that 
Reserve Fleet vessels can be made ready 
to join the active fleets in accordance 
with schedules promulgated by the Chief 
of Naval Operations. These activations 
are a complex procedure requiring team- 
work and coordination of many and 
various Naval activities. With con- 
siderable forethought, the Navy De- 
partment ordered the activations of 
several vessels from the Reserve Fleet 
prior to the relatively large activation 
program that has been in progress for 
the past two years. These activations 
conducted on an individual ship basis 
provided the experience necessary to 
make the detailed plans for the large 
scale activations which were to follow. 
Detailed activation reports were pre- 
pared by the Reserve Fleet Group con- 
ducting the activation; by the industrial 
activity assisting with the activation, if 
such assistance was necessary; and by 
the Commanding Officers of the ves- 
sels activated. All special problems en- 
countered, no matter of what nature, 
were delineated in these reports. The 
reports were then given widespread 
distribution to all activities that would 
possibly have some part in future ac- 
tivations of large numbers of vessels. 
All problems were given immediate and 
thorough study by the many activities 
concerned, and for the most part cor- 
rective measures and procedures were 
established. One problem that has not 
been solved as yet, is the previously 
mentioned case of incomplete machinery 
and equipment records on board vessels 
in the Reserve Fleets. This deficiency 
oftentimes gives rise to the condition 
that late in the activation period, when 
all machinery and equipment is acti- 
vated, the need for extensive repair 
work to some major item of machinery 
or equipment is discovered. This con- 
dition is unfortunate inasmuch as it is 
one that could have been readily cor- 
rected at some previous time during the 
inactivation period or that could have 
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been included in the activation plan- 
ning for the particular vessel involved. 
When discovered late in the activation 
period a condition such as this inter- 
rupts the normal sequence of events 
leading up to the vessel’s becoming an 
active member of the fleet and is usu- 
ally more costly to correct due to the 
time conderations involved. 


The inactivation program has ful- 
filled its mission of maintaining vessels 
in a satisfactory material condition; and 
providing vessels for the active fleet 
when needed. Even with the changes 
in military characteristics required of 


warships to meet ever-changing naval 
techniques, the Reserve Fleet can sup- 
ply at any time, the basic hull struc- 
tures and equipment for the new type 
vessels. Many vessels from the Reserve 
Fleet have been converted after activa- 
tion to become the most modern vessels 
of our present day Navy. These con- 
versions have been accomplished at 
tremendous savings in regard to both 
time and money as compared to the 
building of completely new vessels. The 
Reserve Fleet has been an investment 
that has proven its value as a potential 
that can be brought into service when 
needed. 
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Recently an Illinois town installed 
parking meters with the agreement that 
“professional men” should be granted 
parking privileges at a fixed rate per 
month. When a local engineer applied 
for this professional license, he was at 
first refused on the ground that he was 
not a “professional man.” On _ recon- 
sideration, he was reluctantly granted 
a license along with the local lawyers 
and medical practitioners, but the town 
officials are still not convinced that an 
engineer possesses professional status. 
No doubt the same reaction would 
occur if a similar situation arose in 
most American towns and cities. 


Some ideas have not changed much 
since 1711 when Joseph Addison wrote 


in The Spectator: “I am sometimes very 
much troubled when I reflect upon the 
three great professions of divinity, law, 
and physic; how they are each of them 
overburdened with practitioners, and 
filled with multitudes of ingenious gen- 
tlemen that starve one another.” In the 
thinking of many people there are still 
just these three professions, although 
a person holding such an opinion would 
find no incongruity in including surgery 
with medicine today. The idea that en- 
gineering is a profession would startle 
some people as much as the idea that 
engineering is not a profession would 
startle most engineers. Engineers have 
been working for professional recogni- 
tion for a long time. Why have they not 
succeeded ? 


EARLY HISTORICAL BACKGROUND 


Not so long ago Nicholas Murray 
Butler said, “The best definition of 
engineering that I have ever seen is 
that it is the direction of the sources 
of the power of nature, the bridge over 
which man passes to get into nature 
to control it, to guide it, to understand 
it, and the bridge over which nature 
and its forces pass to get into man’s 


field of interest and service.” If this 
is what we mean by engineering—and 
the definition comes from the 1828 
Charter of the Institution of Civil En- 
gineers in England—then engineering 
as an art, science, craft, vocation, or 
what have you, is not new. Over 2000 
years before Christ a hydraulic engineer 
in China was made emperor as a reward 
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for successfully devising a way to con- 
trol flooding rivers. Almost 3500 years 
ago the great Egyptian engineer-archi- 
tect Senmut was rewarded for his work 
by being made a nurse to Queen 
Hatshepsut’s daughter. As long as we 
have had recorded history, men have 
been doing work which we today would 
classify as engineering, yet engineer- 
ing is thought of as a newcomer to the 
professional ranks, when it is thought 
of as being a profession at all. 

The reason for this is probably that 
it is only in comparatively recent times 
that we have had a distinct group of 
people practicing exclusively what we 
have come to call engineering, and it 
was only with the emergence of this 
group that we found a word to describe 
their activity. The Greek word “archi- 
tect,’ meaning ‘chief builder,” sufficed 
through many centuries to describe a 
person who was a builder in a very 
broad sense; that is, one who erected 
buildings, constructed irrigation works, 
built ships and machines, and did much 
work that today would be considered in 
the field of engineering. 

A “Superintendent of Works,” who 
had charge of the construction and re- 


pair of public edifices and roads, existed 
in Egypt as early as 3700 B.C., and the 
army officers who were well educated, 
performed all kinds of engineering 
work, from transporting stone to build- 
ing canals, but there appears to have 
been no separate and distinct group of 
men who were educated for the sole 
purpose of practicing what would now 
be called engineering. Members of the 
nobility and the priesthood performed 
necessary engineering functions, if they 
were so inclined, simply because of their 
position, and in addition to other duties. 


A similar situation prevailed in Rome. 
According to Plutarch, the first bridge 
over the Tiber was built by the first 
king of Rome, Ancus Marcius, who 
reigned from 641 to 616 B.C., and its 
custody and maintenance were attached 
to the priesthood. Later when the 
Roman Empire was formed, the building 
of roads seems to have passed to the 
soldier-engineer who was present when 
the need for roads arose. From the 
downfall of Rome in the fifth century 
to the beginning of the 16th century, 
the sciences were almost lost, except in 
so far as they were kept alive by the 
monks and other religious organizations. 


NONSECULAR CHARACTER OF UNIVERSITIES 


Law, divinity, and medicine fulfill 
needs which are felt by even the most 
primitive of peoples; engineering as en- 
gineering does not. Moreover, in an 
advanced civilization practitioners of 
divinity, law, and medicine tend to be 
learned men who draw attention to their 
work, while until recently, historically 
speaking, it was more important for 
engineers to be inventive and ingenious 
than for them to be able to read and 
write. (James Brindley, a very famous 
English engineer of the 18th century, 
was practically illiterate, which makes 
his accomplishments all the more re- 
markable, for he was largely unable to 
profit by the recorded experience of 
others. ) 


The word “engineer” apparently came 
into existence in the 14th century to 
refer to military men who were doing 
work of a civil character and the term 
“civil engineer” has been used ever 
since the 18th century to distinguish 
the civil from the military branch of 
the work. But when civil engineers, 
in an antithetic sense, came to be recog- 
nized in England, they were not the 
educated men of the time. Indeed, even 
after the Renaissance the Universities 
of Oxford and Cambridge did not in- 
clude in their curricula subjects which 
had any practical application to engi- 
neering problems, and this is not sur- 
prising. At this time the influence of 
the Church over the English universi- 
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ties (and Continental universities, for 
that matter) was tremendous. Students 
were clerks and, after finishing their 
training at the university, if they chose 
to go on in the vocations which have since 
become recognized as professions, the 
taking of minor or major orders was 
usually necessary for advancement, for 
the king or bishop found conferring an 
ecclesiastical office less expensive than 
paying a salary. Such was the position 
of the physician, the lawyer, the teacher, 
the adviser. (By the 15th century, the 
Inns of Court were established in Eng- 


land so that secular lawyers were no 
longer directly under Church influence; 
the surgeons were organized in a secu- 
lar guild in the 14th century, but their 
social position declined ; and by the mid- 
dle of the 16th century surgery was no 
more than a trade, the surgeons and 
barbers being united into a single guild 
with tooth-drawing as their practice in 
common.) With the exception of teach- 
ing, however, the professions largely 
had become secularized by the end of 
the 16th century. 


THE THREE PROFESSIONS 


The word “profession” came into use 
in the 16th century to denote particu- 
larly the learned vocations of divinity, 
law, and medicine, and at this time en- 
gineering as we think of it could 
scarcely be said to have awakened from 
the Dark Ages, so it could not possibly 
have been ranked with these three an- 
cient and honorable vocations. 


When Addison wrote about the three 
professions, he expressed the social feel- 
ing of his time, for the professions were 
thought to be solely for gentlemen. 
The Church influence is obvious, for 


medicine and law had in the recent past 
been closely associated with divinity. 
The professions today are intimately re- 
lated to the business of living, as they 
were in Addison’s time, although the 
very personal relation of lawyer and 
client, physician and patient, and engi- 
neer and client, is no longer as close 
as it once was, due to the complexities 
of life brought about by the emergence 
of engineering—an emergence so im- 
portant and violent as to give to the 
period the name of the Industrial Revo- 
lution. 


DEVELOPMENT OF PROFESSIONAL RECOGNITION 


The type and extent of engineering 
development have always depended 
principally upon reaching such a state 
of civilization that a need created by 
the physical environment is recognized 
and, economically speaking, is capable 
of solution, This was true in ancient 
Egypt where irrigation was developed 
to make use of the annual overflowing 
of the Nile. The aqueducts of the 
Romans met an environmental need 
when the Romans had reached a stage 
of development in which they could 
recognize a need existed that could be 
satisfied. When the state of civilization 
declined, engineering progress ceased, 


and it remained dormant during the 
Dark Ages, for the most part. Civil en- 
gineering reappeared in Italy in the 
middle of the 17th century due to a 
demand to drain the swamps, and it 
developed in France at about the same 
time because of the need of an internal 
communication system in the develop- 
ment of commerce. In England engi- 
neering growth was made possible by 
the accumulation of wealth which fol- 
lowed the great period of exploration 
and discovery, and it “burst into full 
flower” after Watt’s invention of the 
steam engine. 
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In the early 18th century in England 
the millwrights were the only engineers, 
and in the country these millwrights had 
to solve engineering problems as they 
arose, and solve them they did—by 
using their own resources and imagina- 
tion. As the need for mechanical skill 
increased with the progress of manu- 
facturing and agriculture, these men 
met the increasing needs with increas- 
ing skill; they became learned in their 
fields; and by 1771 they had reached 
such a stage in their development that 
the Society of Civil Engineers was 
founded as a dining club where they 
could exchange ideas. This date marks 
an important step in the emergence of 
engineering as a profession, for it is a 
step along the way traveled by the 
great, acknowledged professions. 


What we now think of as a profes- 
sion may be said to come into existence 
when a number of persons are found 
to be exercising a particular technique, 
based on a specialized training of a 
high intellectual caliber, whose prac- 
tice must require the exercise of intel- 
ligence and discretion. And when widely 
recognized professional groups have 
emerged in our Anglo-American so- 
ciety, they have followed a fairly com- 
mon pattern. 


As the various groups which are clas- 
sified as professional have emerged with 
their specialized intellectual training, 
professional associations have been 
formed at such time as the practitioners 
realized that they possessed a certain 


craft that should be distinguished. The 
public at large is not apt to recognize 
that those possessing certain qualifica- 
tions are alone entitled to be called by 
a particular name, and the desire of 
the well qualified to separate themselves 
from the ill- or unqualified leads to a 
professional association formed from 
those possessing certain minimum quali- 
fications. A professional association is 
based on a common subject interest, of 
course, but it is not formed for the 
purpose of study alone. If it were, it 
would be a subject association, many of 
which exist. A study of subject matter 
is only part of the work of a true pro- 
fessional association; it is not the sole 
object. 


In addition to the desire to separate 
the qualified from the unqualified, there 
is another motive; to distinguish the 
scrupulous from the unscrupulous by 
setting up and maintaining a proper 
standard of conduct. This not only 
protects the public but also gives the 
profession a good name. Incidental to 
the raising of qualifications for mem- 
bers of the group, the problem of edu- 
cational preparation arises, and the 
profession exerts its influence here. 


Whether expressed or not, a strong 
incentive toward association is the rais- 
ing of the status of the members of the 
group. The newcomers to professional 
ranks are looked down upon and not 
accepted as professionals until they have 
convinced the public that they alone are 
qualified to render certain services. 


FIRST SOCIETIES FORMED 


These steps toward professional rec- 
ognition were followed by the engineers 
in England. The Society of Civil En- 
gineers, founded in 1771, did not satisfy 
existing needs, so the Institution of 
Civil Engineers was founded in 1818 
as a study association, but, as time 
went on, it broadened its interests and 
became a true professional association. 


As specializations in engineering multi- 
plied, various specialist associations 
were formed, but not as rivals of the 
parent either in interest or membership. 


In the United States the first suc- 
cessful national organization was the 
American Society of Engineers and 
Architects, founded in 1852, inactive 
from 1855 to 1867, and then revived as 
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the American Society of Civil Engi- 
neers (ASCE). This Society, by a 
constitutional amendment in 1873, made 
eligible for membership “Civil, Military, 
Geological, Mining and Mechanical En- 
gineers, Architects, and other persons 
who, by profession, are interested in the 
advancement of science.” This attempt 
to be all-inclusive failed, however, as The 
American Society of Mechanical Engi- 
neers was founded in 1880 because it 
was felt that the existing societies were 
not suited to a discussion of mechanical 
engineering problems, and the American 
Institute of Electrical Kngineers was 
founded in 1884. (The American [isti- 
tute of Mining Engineers was founded 
in 1871 and instead of merging with 
the ASCE after the amendment of 
1873, continued its independent exist- 
ence, changing its name in 1919 to the 
American Institute of Mining and 
Metallurgical Engineers.) With the 
growth of the many recognized special- 
ties now existing in engineering, new 
societies have been formed as rapidly, 
it would appear, as new names could be 
thought up. The result is that there is 
no one organization which can speak 
authoritatively for all engineers. 


While all lawyers do not belong to 
the American Bar Association (ABA) 
and all doctors do not belong to the 
American Medical Association (AMA), 
this seldom seems to be noted when 
either group takes a stand on a public 
issue. These organizations are unques- 
tionably professional associations. They 
have a common subject interest, they 
have standards of conduct, they are con- 
cerned with the qualifications of their 
members, and, if they no longer need 
be concerned with raising the status of 
their members, they at least attempt to 
preserve the status quo. No one engi- 
neering organization even remotely ap- 
proaches the influence of the ABA 
or the AMA, for no one engineering 
organization really represents all engi- 
neers. The need for a unified organiza- 


tion is widely felt today, but the need 
has not yet been met. 


That engineering societies are inter- 
ested in the qualifications of those prac- 
ticing engineering is shown not only 
by the qualifications set up by the indi- 
vidual groups for their members, but 
also by the work done to have registra- 
tion laws passed in all the states. If 
there is any need for registration of 
engineers so far as the public is con- 
cerned, it is not analogous to the 
licensing of lawyers, physicians, sur- 
geons, or dentists. any ~£ whom may 
te needed at a moment’s notice to 
provide some essential service when 
there may not be time to investig:te the 
qualifications of the person calleé More- 
over, while licensing laws set up a mini- 
mum standard for those to whom they 
apply, all engineers are not now cov- 
ered by these laws. Licensing alone 
does not make a profession, however, 
for if it did midwives and funeral di- 
rectors and plumbers would belong to 
professions, and no matter how essen- 
tial those occupations may be they are 
not professions. The existence of the 
Engineers’ Council for Professional 
Development (ECPD) and the Ameri- 
can Society for Engineering Education 
shows the interest engineers have in 
these . fields. It is significant that the 
Report of the Committee on Profes- 
sional Recognition of the ECPD in- 
cluded as one of the attributes of a 
profession, “It must have group con- 
sciousness for the promotion of tech- 
nical knowledge and professional ideals 
and for rendering social services.” If a 
set of ethics, such as has been formu- 
lated by the ECPD, were inculcated 
into the engineering student, the inimic- 
ality of his belonging to a labor union 
would be more apparent to him when 
he goes into the practice of engineering. 


Lawyers and doctors have single or- 
ganizations which perform the work of 
the several engineering subject associa- 
tions plus the work of the special purpose 
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groups, and their results are worth 
emulating, at least if engineers desire 
general recognition for their profession. 
For engineering certainly is a profes- 


sion by the generally accepted stand- 
ards; what is lacking is widespread 
public recognition of the accomplished 
fact. 


DEVELOPMENT OF ENGINEERING SCHOOLS 


Education has created the problem 
and in education lies the answer. A 
profession requires education. Only 
when engineering began to require spe- 
cialized intellectual training did it begin 
to emerge as a profession, but while 
education has made engineering a pro- 
fession, it has also inhibited its growth 
as such. In the United States of 100 
years ago, engineering schools trained 
bridge, road, and railroad builders, while 
most engineers were trained in shops 
or else took the conventional Bachelor 
of Arts course with a few courses in 
engineering. The trend in engineering 
education has been from the general to 
the specialized back to the general. 


The first curriculum offered at Rens- 
selaer Polytechnic Institute in 1824 took 
one year for completion and was divided 
into three terms. “School opened the 
last week in July with an ‘experimental 
term,’ during which the students gath- 
ered botanical, mineralogical, and zoo- 
logical specimens, visited shops and fac- 
tories near the school, and discussed 
with the class the significance of what 
they had collected and observed. In addi- 
tion each student gave a number of 
lectures on chemistry and natural phi- 
losophy, fully illustrated by experiments 
performed with his own hands. During 
the second term, from the end of No- 
vember to the first of March, the stu- 
dents reviewed in class the sciences 
taught in the fall, and in addition 
studied rhetoric, logic, geography, and 
mathematics. The spring term lasted 
from the first week in March to the 
end of June. For six weeks the work 
consisted of lectures by the students on 
experimental philosophy, chemical 


powers, substances non-metallic, metal- 


436 


loids, metals, soils, and mineral waters. 
For the remaining nine weeks the 
students were exercised in the applica- 
tion of the sciences to practical projects 
and in the study of engineering works 
in the neighborhood of the school.” 


The Rensselaer Institute changed 
from a school of natural science de- 
signed to train teachers into a school of 
engineering and technology, and its cur- 
riculum was revised from time to time, 
a new curriculum being adopted in 1849 
to incorporate some ideas from the more 
theoretical French schools, and_ the 
course was lengthened to three years, 
the first half being used to give a gen- 
eral scientific basis of all engineering 
and the second half being devoted to 
specialization. 


When engineering curricula were 
adopted later by other schools, the Rens- 
selaer influence loomed large. The cur- 
riculum adopted at the University of 
Illinois in 1867 for the first three years 
included in the first year algebra, 
geometry, trigonometry, descriptive 
geometry and drawing, English or for- 
eign language, history, and botany; in 
the second year analytics, calculus, de- 
scriptive geometry, drawing, survey- 
ing, foreign language; and in the third 
year calculus, analytic mechanics, de- 
scriptive astronomy, railroad surveying, 
shades, shadows, perspective, physics, 
and chemistry. The fourth year was de- 
voted to more technical courses. At 
Illinois the instruction in theory was 
by lecture and recitation from textbooks, 
and plates and models were used, along 
with shopwork allowing the construc- 
tion of machinery which had_ been 
planned in the drafting room. In the 
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process of constructing machinery, the 
students earned money sufficient in 
some cases to pay their expenses. At 
Rennselaer by 1865 the method of in- 
struction was by questioning and black- 
board demonstration, rather than the 
student instruction which had formerly 
been used. 


With the establishment of more en- 
gineering schools, the problem of a 
proper education received due attention. 
At the annual meeting of the ASCE in 
June, 1874, Mr. Thomas C. Clarke read 
a paper on “The Education of Civil 
Engineers” in which he said that the 
object of education “is to enable us to 


know ourselves and to know the laws 
of nature. Those persons who 
have come to the study of Civil Engi- 
neering after a thorough training in 
both natural science and also, to use 
the good old expression, ‘the humani- 
ties,’ are those who make the most rapid 
progress. When a man has learned how 
to learn, he can quickly learn anything.” 
Despite the merit in this view, the trend 
in education turned more toward spe- 
cialization, a natural result of new de- 
velopments in engineering and of the 
growth of a body of teachers who had 
received an engineering education, as 
the early teachers had not. 


PROBLEMS OF SPECIALIZATION 


The problem of specialization has not 
been confined to engineering but has 
invaded almost all fields of knowledge. 
The recent Harvard report on “General 
Education in a Free Society” stated: 
“Tt would seem clear that communica- 
tion on an advanced level is impossible 
unless those who are seeking to com- 
municate with each other have some com- 
mon body of knowledge and ideas, as well 
as some training in the analysis of values 
and of relationships. The undergraduate, 
whether he be a concentrator in the 
sciences, the humanities, or the social 
sciences, should be able to talk with his 
fellows in other fields above the level 
of casual conversation. He _ should 
share in a common awareness of the 
importance of ideas and objectives, in a 
common understanding of the heritage 
which is the possession of his genera- 
tion. Nor will general education at the 
college level have been entirely success- 
ful unless the student has acquired some 
understanding of the principal respects 
in which their aims and methods differ.” 


The opposition to a liberal education 
can be traced to historical causes, for 
liberal education arose in a slave-owning 
society like ancient Athens where the 
ruling class did nothing, but had a 


liberal education so as to enjoy life, each 
in his own way, while the slaves were 
trained in specialized work. Such a 
society no longer exists but the need for 
that type of education has not dis- 
appeared. “Democracy is the view that 
not only the few but that all are free, 
in that everyone governs his own life 
and shares in the responsibility for the 
management of the community. This 
being the case, it follows that all human 
beings stand in need of an ampler and 
rounded education.” While specializa- 
tion is a product of our society, “in 
order to discharge his duties as a citi- 
zen adequately, a person must somehow 
be able to grasp the complexities of life 
as a whole. . . . The aim of education 
should be to prepare an individual to 
become an expert both in some par- 
ticular vocation or art and in the gen- 
eral art of the free man and the citizen. 
Thus the two kinds of education once 
given separately to different social 
classes must be given together to all 
alike.” 


Besides the civic duties which have 
gone unheeded because specialization in 
engineering gave no time to arouse an 
educational interest in them, social and 
business deficiencies have also handi- 
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capped the specialist. Recognition of 
these factors has started a trend back 
to general education in the undergrad- 
uate curriculum with specialization at 
the graduate level. President Davis of 
Stevens Institute of Technology has ob- 
served that adaptability has become in- 
creasingly more important to the young 
graduate than proficiency in a particular 
field because of the rapid changes now 
being made. Besides the new and, at 
present, unknown fields which may be 
opened up, fields of specialization which 
now seem important may not present 
the same opportunities in a few years. 
Thus a broad general background in 
science and engineering becomes in- 
creasingly more important. 


Lawyers and doctors have succeeded 
in their fights to require a combination 
of unspecialized undergraduate and spe- 
cialized graduate training, so it is not 
unnatural for engineers to follow this 
lead, feeling themselves entitled to 
similar respect as members of a profes- 
sion. 


Some elimination of courses in the 
engineering curriculum has been made 
possible by differentiating between cre- 
ative work and techniques, reserving the 
former for the engineering school and 
the latter for the trade schools. Engi- 
neering schools have been further aided 
by the large industrial companies which 
have training programs to teach their 
young employees any necessary tech- 
niques. The problem of further elimina- 
tion of unnecessary courses has been 
stated with unusual frankness by Dean 
Finch of Columbia: “Unfortunately, 
faculty members interested in a particu- 
lar branch of engineering have clung 
tenaciously to the belief that any stu- 
dent who received a degree in their 
branch must be required to take prac- 
tically all the application courses in 
special techniques which had accumu- 
lated over the years and were tradi- 
tionally regarded as within the scope 
of this branch. This was a natural 
reaction. These were the specialties to 


which many teachers had devoted their 
entire interests, teaching efforts and 
careers, and on which such reputation 
as they had achieved rested.” 


The aim of a general education is at 
least in part to allow all of us to share 
our common heritage and to understand 
the world and each other better. A nar- 
row, technical education, instead of 
furnishing an incentive for its recipient 
to read widely and to investigate others’ 
problems on his own initiative, probably 
tends to make one more reclusive than 
ever. The tendency of a narrow educa- 
tion to cause narrow interests may ac- 
count for the lack of interest shown 
by most engineers in public affairs, and, 
consequently, due to a lack of a single 
association which can speak for all 
engineers on public matters, for the fail- 
ure to include a single engineering or 
scientific society among more than 40 
organizations chosen by the United 
States Government to attend the United 
Nations Conference in San Francisco— 
to mention only one instance when en- 
gineers could have made a contribution 
to the world but did not. 


Recognizing the deficiencies which 
unquestionably exist in engineering edu- 
cation, the trend is toward a general 
education, with specialization at the 
graduate level. The undergraduate edu- 
cation is general both as to engineering 
subjects and as to other fields of knowl- 
edge. In time, when the many have 
acquired the interests held now by the 
few, the need for a great, unified organ- 
ization will be met, and the engineers 
will receive proper recognition as profes- 
sional men. The public expects leader- 
ship from members of a profession, and 
engineers individually and collectively 
must be prepared to meet that expecta- 
tion and to fulfill their obligations with 
distinction. 


_ Will engineering ever become a pro- 
fession in the eyes of the public? The 
answer may’ lie in a paraphrase of an 
old saying: “United we can, divided 
we fail.” 1 
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DISCUSSION 


BY CAPTAIN P. C. GOLD, JR., USN 
of “The Education of Naval Engineers” 
by Captain Guy Chadwick, USN (Ret.) 


The education and training of Naval 
Engineers is a subject that invariably 
invites controversy. Captain Chadwick 
has expressed in an excellent manner a 
plea for less specialization. The paper 
is especially timely for we should de- 
cide now if changes are needed. The 
ships being designed today are of such 
complexity that we will be unable to 
“know our ship” as we have in the past. 
As Captain Chadwick states, we can- 
not specialize in everything. 

If the four-year college, or Naval 
Academy education would assure grad- 
uates a clear grasp of basic principles, 
a thorough knowledge of engineering 
fundamentals, perhaps our postgraduate 
time could be better spent and we could 
approach the ideal, the specialist in 
warship engineering. 

What is the best end product that we 
can hope for with only three years of 
postgraduate study available? Captain 
Chadwick considers that the Naval En- 
gineer must be capable of providing 
and maintaining propelled hulls suitable 
to carry and serve guns and planes, 
communications, personnel and cargo, 
singly or in combination, of designing 
ships as an informed engineer able to 
anticipate future needs. I agree with 
the concept, but fear that it is not pos- 
sible of accomplishment. 

The tug-of-war between the broad 
versus the narrow education, the prac- 
tical versus the theoretical, is never 
ending. The optimum compromise for 
the Naval Engineer is obscure. What- 
ever the solution may be, I disagree 


with the thought that “he should guard 
against stealing time from primary 
studies for use in tempting background 
excursions.” A good general engineer, 
intimate with one specialized field, is, 
I believe, the better solution. If we 
can obtain sufficient fundamental engi- 
neering knowledge to insure clear logi- 
cal thinking, ability to express those 
thoughts, a reasonable understanding of 
the elements of the ship, and intimate 
knowledge of a specialty, we have cer- 
tainly an acceptable solution. 


The paragraphs on the selection of 
postgraduate students point out the need 
for the stimulation of the desire to be 
Naval Engineers among midshipmen 
and young officers. This is especially 
important now when the thought of 
technical training is in competition with 
the thought of more glamorous war- 
time operations. These young men must 
be made to recognize their opportunities. 
If enthusiasm and curiosity are created 
from a desire to specialize, that should 
be encouraged. We can attain our goal 
and still find time for nuclear physics 
or other popular specialties if that is 
what is required to maintain enthusiasm. 
The job is easy if the desire to learn 
is there. 


The pedagogical philosophy included 
under “The Educational Process, Skills, 
Facts, Reasoning Power,” presents ex- 
cellent thoughts which should be useful 
to any engineering teacher. The ab- 
sorption of these skills and facts must 
continue however throughout the serv- 
ice career of the Naval Engineer. 
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DISCUSSION 


If the curriculum furnishes the Naval 
Engineer with the fundamentals of en- 
gineering sufficient to give him the 
courage to investigate any problem in 
any engineering field, if it allows him 
time to obtain unusual information in 
a specialized field of his choice, if it 
stimulates his mind so that he recog- 
nizes in the years of formal education 
he has but only started, that his educa- 
tion is always incomplete, it’is a good 
curriculum. 


At the Boston Naval Shipyard, where 
I work, I find that the representatives 


of the educational system of recent years 
are excellent and capable Naval Engi- 
neers, 4 very satisfactory “end prod- 
uct.” The continued recruitment of men 
of their caliber is a more serious prob- 
lem. Also, the fruit of our efforts, the 
warships of today, when compared to 
those of other nations, type by type, is 
to my mind proof of the effectiveness of 
our past Naval Engineering educational 
system. We must be mindful, however, 
of the increased complexity of the war- 
ship of tomorrow and allow increasing 
specialization, not less. 


The Society has learned with deep regret of 
the death of the following since the publication 
of the February, 1952, issue: 


WELCH, PHILLIP P., Naval Member 
BURGESS, CHARLES PAINE, Civil Member 
CLARK, EVERETT, Civil Member 
REMIC, FRANK HARLEY, Civil Member 
WATSON, WALTER W., Civil Member 
RAKESTRAW, L. M., Civil Member 
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CHANGES IN MEMBERSHIP 


The Society takes much pleasure in announcing the following additions to its 
membership since the publication of the February, 1952, JouRNAL: 


LIFE 
La Conga, J. F. (By Transfer from Naval) 


NAVAL 


Allen, Charles Clinton, Lieutenant, USN, Fleet Training Group, 
H-5, Box 55, Fleet P.O., New York, N. Y. 


Anning, Charles Sydney, Lieutenant Commander, USNR, 
Office of Naval Materiel. 
Mail: 910 Potomac Ave., Apt. A-1, Alexandria, Va. 


Birrell, Harry Walke, Lieutenant, USN, 
2647 Alvra Boulevard, Steubenville, Ohio 


Bruning, James M., Commander, USNR, 
Electronics Engineer, RCA Service Co., Inc. 
Mail: 14 Noel Drive, North Arlington, N. J. 


Buck, Aubrey Lester, Jr., Lieutenant (j.g.), USNR, 
Sales Engineer, General Electric Co. 
Mail: 2725 So. Buchanan St., Arlington, Va. 


Clark, Robert A., Lieutenant (j.g.), USNR, 
Bronson Drive, Middlebury, Conn. 


Claypool, Sheldon, Lieutenant, USN, 
229 Littleness Ave., Monterey, Calif. 


Cox, Charles Madison, Commander, USNR, 
Res. Supervisor, Shipbuilding & Ordnance Materiel 
Mail: 66 Sellers Road, Annapolis, Md. 


DeSwarte, Clarence Gordon, Commander, (CEC), USNR, 
Partner, Spaulding, Rex-DeSwarte, Architects and Engineers 
3305 Wilshire Boulevard, Los Angeles, Calif. 


DiCorcie, Edward T., Ensign, USN, 
USS Lanning (APD 55), % Fleet P. O., New York, N. Y. 


Dion, Norman Earl, Lieutenant, USCG, 
810 S. Arlington Mill Drive, Arlington, Va. 


Eve, Edward Armstrong, Jr., Captain, USCG, 
Chief Engrg. Div. 8th N. D. 
8th C.G. Dist., P.O. Box 282, New Orleans, La. 


Ewan, Thomas Kenny, Lieutenant, USNR, 
Research Administrator, Box E, Dangerfield, Texas 


Fenwick, William Frederick, Commander, USNR, 
Asst. Ind. Mgr., 8th, N.D., Orange, Texas 
Mail: Route 2, Box 260, Orange, Texas 
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Fike, Irwin Fred, Commander, USN, 
4603 32nd St., N., Arlington, Va. 


Forster, James Franklin, Lieutenant (j.g.), USNR, 
Vice President & Asst. Gen. Mgr., Vickers, Inc. 
1400 Oakman Boulevard, Detroit 32, Mich. 


Fox, Ernest Allen, Chief, REIE, USN, 
USS Cabot (CVL 28), % Fleet P.O., New York, N. Y. 


Gardner, William Austin, Lieutenant (j.g.), USNR, 
Griscom-Russell Co., Massillon, Ohio 


Gerber, Ralph Irvin, Commander, USN, 
Bureau of Ships, Navy Dept., Washington, D. C. 


Griffin, Daniel A., Lieutenant (j.g.), USNR, 
Engineer, General Electric Co. 
Room 1802, 570 Lexington Ave., New York 22, N. Y. 


Gilmore, Jack Griner, Lieutenant (j.g.), USNR, 
N.A., Planning Dept., Design Div. 
Pearl Harbor Naval Shipyard, T. H. 


Goldman, Robert Boggs, Rear Admiral, USN, Ret., 
5604 Wildwood Lane, Baltimore 9, Md. 


Greenwood, Horace Thorn, Lieutenant, USNR, 
Engr. (Electronics), RCA Service Co. 
Mail: 290 Linden St., Moorestown, N. J. 


Henning, Donald E., Lieutenant, USN, 
605 Florence St., Palm City, Calif. 


Henry, Roger Thomas, Ensign, USN, 
USS The Sullivans (DD 539), 
%o Fleet P.O., New York, N. Y. 


Hill, Charles Albert, Ensign, USN, 
USS Shelton (DD 790), FPO SF 
Mail: 86 Pickford Ave., Phillipsburg, N. J. 


Holderness, George Allan, Jr., Rear Admiral, USN, 

Code 1700, Bureau of Ships, Navy Dept., Washington, D. C. 
Jameson, Davis Eugene, Lieutenant, USN, 

USS Guadalupe (AO 32), % Fleet P. O., San Francisco, Calif. 


Jones, Herbert J., Captain, USN, Ret., 
2202 Columbia Road, Washington 9, D. C. 


Kephart, Ralph Claude, Captain, USN, 
4611 43d Place, N. W., Washington, D. C. 


King, John Warburton, Jr., Lieutenant (j.g.), USN, 
USS Iowa (BB 61), % Fleet P. O., San Francisco, Calif. 


Kitts, Willard Augustus, 3d, USN, Ret., 
Manager Ordnance Engineering 
A. F. & M., General Electric Co., Schenectady, N. Y. 
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Kloske, Allen C., N.A., MTS, Pier 37, Seattle, Wash., 
Mail: Route 3, Box 111-B, Bremerton, Wash. 


Kropacek, Louis George, Experimental Engr., 
Diesel. Res. Lab., American Locomotive Co. 
Mail: 1102 South Country Club Drive, Schenectady, N. Y. 


Layne, Charles Wilbur, Lieutenant Commander, USN, 
2801 Quebec St., N. W., Apt. N-432, Washington 8, D. C. 


McComb, Archibald Howell, Jr., Commander, USCG, 
1430 Tuckerman St., N. W., Washington 9, D. C. 


McCormick, John Webster, Commander, USN, 
3736 Kanawha St., N. W., Washington 15, D. C. 


Marshall, Preston, Captain, USN, Ret., 
Washington Rep., Ultrasonic Corp. 
Mail: Suite 502, 1025 Connecticut Ave., N. W., Washington, D. C. 


Midgett, Joseph L., Lieutenant, USN, 
Columbia River Group Pac., Res. Flt. 
U. S. Naval Station Tongue Point, Astoria, Ore. 


Midtlyng, Carl Robert, Captain, USN, Ret., 
2661 So. Walter Reed Drive, Arlington 6, Va. 


Morse, Anthony, Jr., Lieutenant (j.g.), USNR-O, 
Sales Engr., General Electric Co. 
140 Federal St., Boston, Mass. 


Narwicz, Charles Anthony, Lieutenant (j.g.), USN, 
USS LSM 397, % Fleet P. O., New York, N. Y. 


Petraut, Willard F., Lieutenant, USNR, 
Sec.-Treas., CLP Plumbing & Heating Corp. 
Mail: 16 Zemek St., Valley Stream, N. Y. 


Petters, Lawrence, ex-Lieutenant Commander, USN, 
Navy Sales, General Electric Co. 
Electronic Park, Syracuse, N. Y. 


Ray, Robert Cadwell, II, Lieutenant (j.g.), USN, 
USS Deliver (ARS 23), % Fleet P. O., San Francisco, Calif. 


Rosenthal, Aaron, Lieutenant (j.g.), USNR, 
Office, Sup. Shpbldg. & Ord. 
11 Broadway, New York 4, N. Y. 


Rowan, Robert L., Captain, USNR, 
Mech. Engr., Rowan & Buchanan 
P. O. Box 14035, Houston 21, Texas 


Rummel, Bernard C., Lieutenant (j.g.), USNR, 
USS Stembel (DD 644), % Fleet P. O., San Francisco, Calif. 


Scherer, Donald A., Commander, USN, 
Bureau of Ships, Navy Dept. 
Mail: 648 N. Illinois St., Arlington, Va. 
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Shecklin, George F., Captain, USNR, 
Exec. Vice Pres., Radiomarine Corp. of America 
75 Varick St., New York 13, N. Y. 


Suchland, Ormal Dean, Lieutenant (j.g.), USN, 
USS Thuben (IKA 19), % Fleet P. O., New York, N. Y. 


Ten Eyck, John C., Commander, USNR, 
Ten Eyck, Wade, Butler Associates 
1624 Eye St., N. W., Washington 6, D. C. 


Thorson, Robert Dean, Commander (CEC), USN, 
Deputy Chief, Office Facilities & Services, Munitions Board 
Mail: 2829 So. Buchanan St., Fairlington, Arlington, Va. 


Tipton, Henry Clay, Commander, USN, 
U. S. N. Engineering Experiment Station, Annapolis, Md., 


Towne, Stephen R., Commander, USN, 
121 Park Plaza Drive, Apt. 18, Dalu City, Calif. 


Van Kirk, William Charles, Lieutenant, USN, 
USS Eldorado (AGC 11), % Fleet P. O., San Francisco, Calif. 


Wynkoop, Thomas Pilmore, Rear Admiral, USN, Ret., 
President, Radiomarine Corp. of America 
75 Varick St., New York 13, N. Y. 


Yeo, Gordon Lawrence, Lieutenant, USN, 
Dept. Steam N., Naval Academy, Annapolis, Md. 


Zelov, Randolph Dickingon, Lieutenant (j.g.), USN, 
USS Archerfield (SS 311), % Fleet P. O., San Francisco, Calif. 


CIVIL 


Adams, John H., Director of Research & Development, 
Stanley G. Flagg & Co., Inc. 
1421 Chestnut St., Philadelphia 2, Pa. 


Aldridge, George P., Vice President, 
Radiomarine Corp. of America 
75 Varick St., New York 13, N. Y. 


Becht, Lawrence Robert, Head, Management Engineering, 
U. S. Naval Station, San Diego 36, Calif. . 


Booth, Walter B., Manager, Pittsfield Ordnance Operating, 
Aeronautical & Ordnance Systems Div., General Electric Co. 
East Ordnance Plant, Pittsfield, Mass. 


Brothers, Leonard Francis, In Charge Federal & Marine Sales, 
Reliance Electric & Engineering Co. 
1088 Ivanhoe Road, Cleveland, Ohio 


Brown, Charles Joseph, Sales Engineer, 
2883 Morgan Drive, Wantagh, L. I., N. Y. 
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Brown, Justin, W., Vice President, Chattanooga Boiler & Tank Co. 
P. O. Box 114, Chattanooga, Tenn. 


Buss, John Arthur, Project Engineer, Reliance Engineering Co. 
1088 Ivanhoe Road, Cleveland 10, Ohio 


Callaghan, William, Chief Engineer, D. C. Glassie Co., 
Mail: 3119 N. 9th Road, Arlington, Va. 


Campobasso, John J., Engineer, Badger Mfg. Co., 
Mail: 830 Bent Street, Cambridge, Mass. 


Carpenter, Robert Charles, Asst. for Atomic Warfare, 
Code 850 D, Bureau of Ships, Navy Dept., Washington, D. C. 
Mail: 3534 Raymoor Road, Kensington, Md. 


Coulson, Armand L., Director of Production Contracts, 
Ford Instrument Co., 31-10 Thomson Ave., Long Island City, N. Y. 


Duffy, James P., Jr., Asst. Mgr. Eastern District, 
Sperry Gyroscope Co. 
81 Willoughby St., Brooklyn 1, N. Y. 


Ferris, Raymond W., Manager of Contracts, Bethlehem Steel Co., 
Shipbuilding Div., Quincy, Mass. 


Fitzgibbon, James Joseph, Manager, Washington Office, 
Apparatus Sales Div., General Electric Company 
777 14th St., N. W., Washington 5, D. C. 


Fonger, George F., Marine Engineer, 
Code 434, Bureau of Ships, Navy Dept. 
Mail: 7813 Rayburn Road, Bethesda, Md. 


Frick, John Warren, Manager of Sales, Pittsfield Ordnance Operations, 
Aero Ord. Systems Dept., General Electric Co. 
Pittsfield Ordnance Operation, Plastics Ave., Pittsfield, Mass. 


Galanty, Harold Edward, Asst. to Vice President, 
Bogue Electrical Mfg. Co., Paterson, N. J. 
Mail: 36 Montgomery Road, Livingston, N. J. 


Hadley, Preston Henry, Jr., General Manager, Almon A. Johnson, Inc., 
17 Battery Place, New York, N. Y. 
Mail: 633 Fairmount Ave., Westfield, N. J. 


Hayes, Harry B., Vice President, Harwin Corp., 
945 N. Front St., Philadelphia 23, Pa. 


Hill, Harold H., Div. Manager, American Blower Co., 
924 Washington Building, Washington 5, D. C. 


Hoffman, Roy E., Special Rep., National Supply Co., 
Engine Division, 130 Chartres St., New Orleans, La. 


Hopkins, Alva R., General Sales Manager, 
Engineering Products Dept., RCA Victor Div., Camden, N. J. 


Horan, F. T., Chief Engineer, Mechanical Division, 
Electric Boat Co., Groton, Conn. 
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Jackson, Irwin Eugene, Marine Engineer, Code 373, 
Applied Science Div., Bureau of Ships, Navy Dept. 
Washington, D. C. 


Jaskewicz, Alfred Anthony, Asst. Sales Manager, 
Purolator Products, Inc., Rahway, N. J. 


Jauch, Robert J., Consulting Engineer & Head, 
Vauch Engineering Co., Fort Wayne, Ind. 
Mail: 227 So. Anthony Boulevard, Fort Wayne, Ind. 


Johnson, Almon Archie, President, Almon A. Johnson, Inc., 
Suite 507, 17 Battery Place, New York 4, N. Y. 


Kaplan, Robert, Asst. Chief Engineer, 
Howell Electric Motors Co., Howell, Mich. 


Keyes, John A., Sales Engineer, General Electric Co., 
777 14th St., N. W., Washington, D. C. 


Kimberry, Francis Howard, General Manager, Engine Division, 
National Supply Co., Springfield, Ohio 


Kohler, Ernest, Sales Engineer, The Hallicrafters Co., 
Mail: 805 N. Overlook Drive, Alexandria, Va. 


Kropacek, Louis George, Experimental Engineer, 
Diesel Research Laboratory, American Locomotive Co. 
Mail: 1102 South Country Club Drive, Schenectady, N. Y. 


Langley, Arthur Leonard, Marine Engineer, Bureau of Ships, Navy Dept., 
Mail: 108 Woodlawn Trail, Alexandria, Va. 


McCutchan, James Francis, Engineer, New York Telephone Co., 
Mail: 3420 Clarendon Road, Brooklyn 9, N. Y. 


Merritt, Nelson A., Electronics Engineer, 
Electric Boat Co., Groton, Conn. 


Milde, Edward Carl, Hydraulic Engineer, 
Waterbury Tool Div., Vickers, Inc., Waterbury, Conn. 
Mail: 31 Forest Ridge Road, Waterbury 12, Conn. 


Murphy, James F., Vice President, Howell Electric Motors Co., 
Mail: 409 North Roosevelt Ave., Howell, Mich. 


Patterson, Eugene Clifford, Jr., President & General Manager, 
Chattanooga Boiler & Tank Co., Chattanooga, Tenn. 


Pierce, Joseph David, Chief Electrical Engineer, 
Electric Boat Co., Groton, Conn. 


Rawson, Ray A., Govt. Rep., Gasoline Pneumatic & Electric Tools, 
Magesium Products & Concrete Design 
Mail: 3620 16th St., N. W., Washington 10, D. C. 


Roberts, Herbert A., President & General Manager, 
Roberts Brothers Co., 17th & U Sts., N. W., Washington, D. C. 
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Roling, Herbert Dennig, Engineering Coordinator, 
Maxim Silencer Co., Hartford, Conn. 


Ryman, John Johnson, Director, Development Contracts, 
Ford Instrument Co., 31-10 Thomson Ave., Long Island City, N. Y. 


Schmick, James Taylor, Civiliai: Head, Boiler Sec., 
Combustion and Heat Exchange Branch, Bureau of Ships, 
Mail: 2800 Woodley Road, N. W., Washington 8, D. C. 


Sipe, Harold Frederick, Supt., Naval Architect in Auxiliaries, 
Bureau of Ships, Navy Dept. 
Mail: Severna Park, Md. 


Smollon, Frank J., Sales Engineer, Marine, 
General Electric Co., 777 14th St., N. W., Washington, D. C. 


Sorkin, George, Metallurgist, Bureau of Ships, Navy Dept., 
Mail : 2327 15th St., N. W., Washington, D. C. 


Strachan, Christopher, Secretary-Treasurer, 
Strachan Mac Kor Corp., 90 Wall St., New York, N. Y. 


Sturm, George William, Chief Ship Appraiser, U. S. Maritime Commission, 
Mail: 519 Ethan Allen Ave., Takoma Park, Md. 


Warner, Wilfred Vincent, Liaison Engineer, Ford Instrument Co., 
31-10 Thomson Ave., Long Island City, N. Y. 


Wehlaw, Wilbur G., Experimental Technician, 
Kollsman Instrument Corporation 
Mail: 75-20 113th St., Forest Hills, N. Y. 


Winterer, Frank John, Treasurer, 
Harwin Corp., 945 N. Front St., Philadelphia 23, Pa. 


Winterer, Herman Francis, President, 
Harwin Corp., 945 N. Front St., Philadelphia 23, Pa. 


Winterer, Joseph H., Secretary, 
Harwin Corp., 945 N. Front St., Philadelphia 23, Pa. 


ASSOCIATE 


Attner, Raymond Francis, Hancock Products Sales Mgr., 
Manning, Maxwell & Moore, Inc., 
Mail: 65 Grove St., Watertown 72, Mass. 


Brown, Howard Hayes, 
Editor, Marine Engineering & Shipping Record 
20 Church St., New York 7, N. Y. 


Cloyes, Philip W., District Mgr., Selby, Battersby & Co., 
2405 W. Baltimore St., Baltimore, Md. 


Cormeny, Alvin E., Vice President, 
New York Shipbuilding Corp., Camden 4, N. J. 
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Dietle, Carrol, Manager, Diesel Div., Fairbanks, Morse & Co., 
Mail: 736 N. Harvey St., Oak Park, III. 


Doolittle, Howard Daniel, Engineering Dept., 
Machlett Laboratories, Inc., Springdale, Conn. 


Emanuele, Laurin, Naval Engineer 2d M/V Sakura, 
Naess Mejlaendery Co., Inc., 80 Broad St., New York, N. Y. 
Mail: Via Romona 78, RUTA, Genoa, Italy 


Fasano, Ernisto, Ing., Naval meccania, 
Via Tarantino N. 4 (Vamero), Naples, Italy 


Favorov, Peter Alexeevich, Engr., Commodore USSR, 
Asst. Naval Attache, USSR 
Mail: 2552 Belmont Road, N. W., Washington, D. C. 


Hodgkin, Wesley Mather, Asst. Sales Mgr., 
American Electric Welding Co., Inc., Baltimore, Md. 
Mail: 235 No. Thomas St., Arlington, Va. 


Hollatz, Carl J., Govt. Liaison, RCA, Tube Dept., 
1757 K St., N. W., Washington, D. C. 


Homer, William Henry, Rep. Govt. Sales, 
Ward Leonard Electric Co., Hotel Congressional, Washington 3, D. C. 


Hood, Robert H., Sales, Engineer, 
Worthington Corporation, Harrison, N. J. 
Lower, Frank K., Acting Asst. Works Manager, 
New York Shipbuilding Corp., Camden, N. J. 
Machlett, Raymond Robert, President, 
Machlett Laboratories, Ind., Springdale, Conn. 
Matthews, Craig, G., Asst. to Development Contract Administration Officer, 
Office of Supervising Inspector 
Mail: 2530 Ebony Lane, Houston 8, Texas 


Mulford, John Willets, President, Gray Marine Motor Co., 
710 Canton Ave., Detroit, Mich. 


Myers, Charles Frank, Asst. Washington Rep., 

Vickers Electric Div., Hibbs Building, Washington 5, D. C. 
Oakley, Bert, Jr., Rep. Higgins Inc., New Orleans, 

Mail: 427 Barr Building, 910 17th St., Washington, D. C. 


Padden, Robert Rutledge, Marine Engineer, Norfolk Naval Shipyard, 
Mail: 56 Bolling Road, Portsmouth, Va. 


Radom, Vernon Anthony, 
RCA, 2113 Locust St., Philadelphia, Pa. 


Robinson, Charles B., Welding Industrial Engineer, 
Air Reduction Pacific Co., 1614 Mills Tower, San Francisco, Calif, 


Runyon, Henry Wisner, Marine Division, Worthington Corp., 
Mail: 245 Spring St., Red Bank, N. J. 
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Smullen, William James, New York Dist. Mgr., 
Star-Kimble Motor Division, Mechla Printing Press 
Mail: 288 Rugby Road, Brooklyn 26, N. Y. 


Spalding, Frederick F., Marine Administrator, 
Mail: 3130 Wisconsin Ave., Washington, D. C. 


Taggart, John Frederick, Asso. Technical Rep., Rheem Mig. Co., 
Mail: 3205 Stephenson PI., N. W., Washington, D. C. 


Usigli, Arriogo, Ing. General Manager, Adrias Salvage Co., 
Venice, Italy 


Watnaabe, Yasuji, Chief Shipbuilding Div., 
Maritime Safety Agency, 2 Cho. M. E. 
Kasumigaseki Chiyoda Ward, Tokyo, Japan 


RESIGNED 


NAVAL 
Cox, O. L. 
Chipley, George W. 
Quincy, G. F. 
Reed, Paul R. 


CivIL 


Gould, Wm. C. 
Retalliata, V. T. 


ASSOCIATE 


Flynn, H. J. 
Maclean, Iain G. 
Meyer, Robert M. 
Sample, Gus H. 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publica- 
tion. Authors are paid from $40.00 to $150.00 depending upon length, interest and 
professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, so 
that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be mailed addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, D. C. 


Manuscripts accepted will not be returned unless specifically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the num- 
ber of copies ordered, will be furnished on request as soon as possible after the 
article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNal. 
which has not yet been closed (60 days before publication) and for which insuffi- 
cient material is already on hand. 
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SuBJEcT MATTER AND AUTHURS 


To assist the editor in programming future issues, the help of all members is 
solicited. To make it easy, the last page in this issue is readily detachable as you 
will find. This page has blanks for two entries. 

(a) What subject would you, as a member, like to see covered by an article 
in the JOURNAL. 
and 
(b) Who do you consider best qualified to prepare such an article authorita- 
tively, and what is his address (if you know). 

Any of these forms which are filled in and mailed to “he Society will be 
received with thanks and the editor will follow up to get the suggested articles 
prepared. 


PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red on a gold background. 


It is available to all members at fifty cents (50c) each. 
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LIFE MEMBERSHIPS 


Any member may now purchase a life membership under the following rules: 


(a) Any dues paid for the year in which life membership is purchased will 
be credited to the cost of the life membership. 


(b) Life memberships are non-transferable and terminate with the death 
of the member. 


(c) No refund will be made on account of death or resignation of a life 
member. 


(d) Life membership will vary in cost with the age of the member at his 
next birthday following application, as follows: 


(e) All life memberships paid in shall be protected by a transfer on the 
books of the Society of Series G, U. S. Government 2% per cent bonds. Thus 
a life membership will be established. It will be credited with moneys paid 
in for life memberships and debited with the regular amount of annual dues for 
each life member each year. 


LOCAL CHAPTERS 


Local Chapters of the American Society of Naval Engineers may now be author- 
ized by the Council. The following rules for recognition of Local Chapters have 
been adopted by the Council: 


(a) Twenty or more regular members, Naval or Civilian, may apply for 
a Charter as a Local Chapter. 


(b) Each application must be accompanied by a list of members and a copy 
of local By-laws. The latter must meet the following minimum requirements. 


1. All financial dealings of the local Chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local chapter 
shall set up on a non-profit basis. All accounting shall be local. 


2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member or associate who resides 
in the local area and who associates himself with the local Chapter. This 
grant may be used by the local Chapter to defray any necessary expenses, 
including (a) Letterheads, (b) Notice cards, (c) Postage, (d) Minimum rental 
allowance, (e) Secretarial service (part time). 
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3. Any technical papers presented at local chapter meetings, shall be sub- 
mitted to the Secretary-Treasurer of the Society for consideration for publi- 
cation in the JourNaL. Any paper accepted will be paid for at regular rates. 


4. Each local chapter shall submit a quarterly report of its activities to 
the Secretary-Treasurer. These reports must reach Washington, D. C. prior 
to 15 January, 15 April, 15 July and 15 October. This report shall contain 
a list of active local members as of the first day of the quarter for the pur- 
pose of computing the amount of grant. 

5. Associate members of the Society shall be eligible for membership in a 


Local Chapter, entitled to all the privileges of other members except voting 
and holding office. 


Permission is granted to reprint any original article contained herein if the fol- 
lowing conditions are met: 
a) Credit is given to the JouRNAL with reference to the issue. 
b) Credit is given to the author. 
c) If the author is a military officer or a civilian employe of the Department of 
Defense, the following note shall be carried: 
“The views expressed herein are the personal ones of the author and are not 
necessarily the official views of the Department of Defense or of a Military 
Department.” 
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ASSOCIATION NOTES 


THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


FINANCIAL STATEMENTS, 1951 


STATEMENT OF INCOME AND EXPENDITURES 


EXPENDITURES 

Publications : 

Manuscript in Advance............ 135.00 

Catrent Pront. aud Ess. 2,516.04 

$48,322.25 
INCOME 

Publication : 

Interest on Investments. 1,525.00 $46,914.41 


NET LOGS $ 1,407.84 
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ASSOCIATION NOTES 


THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


FINANCIAL STATEMENT, 1951 


BALANCE STATEMENT 


Total Assets January 1, 1951......... $59,680.91 
Assets December 31, 1951: 

Accounts Receivable : 


Investments (Bonds) : 


U.S. Defense, Series G 2144%...... 58,000.00 
Washington Gas Light Co. 5%..... 997.50 
$66,635.57 
Liabilities (Accounting Only) 
Advertisements paid in advance..... $ 112.50 
Dues Paid in 372.25 
Subscriptions Paid in Advance..... 7,877.75 8,362.50 
Net Assets December 31, 1951........ 58,273.07 
NET BOSS $ 1,407.84 


Respectfully submitted, 
/s/ J. E. HaMitton, 


Secretary-Treasurer 


Audited and Found Correct: 


/s/ Frank G. Law 
/s/ G. Cooper Audit Committee 
/s/ M. D. Grsson, Jr. 
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ADVERTISEMENTS XVil 


Our United States Navy submarines with their superb crews will help 
protect our shores and our shipping from possible enemy undersea craft. 
Supreme dependability and instant response are required of engines and 
crews. The United States Navy has installed General Motors engines with 


Diesel-Electric Drive in submarines of this new ‘‘K”’ class. 


No Substitute for Diesel-Electric Drive 


Cleveland Diesel Engine Division GA 
CLEVELAND 11, OHIO t- 4 


GENERAL MOTORS 


e 
ENGINES FROM 150 
TO 2000 H. P. 


XVili ADVERTISEMENTS 


Ambraloy-927 tubes are durable and economical 


Ambraloy-927* (Alumi- 
num Brass) Condenser 
Tubes resist both salt and 
brackish water. For 
turbine-driven ships they 
are the most durable 
tubes available at moder- 
ate cost. 

That’s why Bethlehem 
Steel Co. used them in 
condensers for the new 
28,000-ton tanker they 
built for a large refiner. 

Let our Technical Staff 
help you select the right 
tube alloy. Write The 
American Brass Co., 
Waterbury 20, Conn. 


In Canada: Anaconda ANACON pA 


American Brass Ltd., 
New Toronto, Ont. 216 Heat Exchanger Tubes 


#U. S. Patent No. 2,003,685 


for efficient heat transfer 


the leading manufacturer of 
SHORAN ...LORAN... TELERAN... 
RADAR ...RADAR ALTIMETERS... 
SONAR ... BATTLE ANNOUNCE and 
RADIO COMMUNICATIONS EQUIPMENT 


GOVERNMENT EQUIPMENT SECTION 
RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 


ADVERTISEMENTS xix 


THE SHIPBUILDING BUSINESS 
in the 
UNITED STATES OF AMERICA 


Published by 

THE Society OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS 


The first complete authorita- 
tive book covering all busi- 
ness phases of the shipbuild- 
ing industry. 


Under the guidance of a spe- 
cial committee, an experi- 
enced editor, and a compe- 
tent staff of 30 authors, these 
two compact volumes form a 
comprehensive work on the 
history, organization, and 
operation of the industry. 
Circular giving detailed table 
of contents furnished upon 
request. Retail price for the 
two-volume set 


$12.50 postpaid. 
Foreign postage, 
$1.25 additional. 


Other Good Books for Marine Men 
MARINE ENGINEERING 


Edited by Herbert L. Seward, Professor of Mechanical and Marine Engi- 
neering, Yale University, with a control committee of industry leaders, 
professional teachers, and experts in the field. 

In two compact volumes of 22 chapters, each written by a recognized 
authority, this work is a complete treatise covering theory, principles, and 
practical application in every phase of marine engineering. Price for the 
two-volume set, $11.00 postpaid. Separate volumes $6.00 each. Add $1.25 
for foreign postage for the set, 85¢ for individual volumes. Descriptive 
folder giving table of contents and authors available upon request. 


PRINCIPLES OF NAVAL ARCHITECTURE 


Edited by Professors Rossell and Chapman, Massachusetts Institute of 
Technology. A two-volume desk library for every naval architect and 
marine engineer. This complete and up-to-date work by ten recognized 
authorities was reviewed by a competent control committee to insure its 
completeness and unbiassed viewpoint. 539 pages, 333 illustrations, 551 
formulas, 80 tables, all indexed for quick reference. Price $11.00 post- 
paid for the two-volume set. Add $1.25 for foreign postage. Descriptive 
circular upon request. 


Order from 


THE SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS 
29 West 39th Street New York 18, New York 
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xX ADVERTISEMENTS 


-A Good Name 
on Land OR Sea! 


a ALLIS-CHALMERS NAMEPLATE continues in prom- 
inence on the fighting and supporting ships of our 
marine arm, Proven on all types of craft in World War 
II, Allis-Chalmers equipment is again in action with 
today’s fleet. Newly developed equipment will play an 
increasingly important role in the fleet of tomorrow, 
on and below the surface. A-3375 


MAIN PROPULSION UNITS * ALL TYPES 
OF PUMPS * MOTORS AND CONTROLS 
CONDENSERS AND AIR EJECTORS 
LIGHTING SETS * GENERATORS 


Baby flat-top, using 
Allis-Chalmers main pro- 
pulsion unit, main con- 
denser, lighting set, 
auxiliary condenser, air 
ejectors, motors, control, 
and pumps. 
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ADVERTISEMENTS xxi 


FOSTER 
WHEELER 


From the R. P. Resor, 

first of the 

high-efficiency, bent-tube, 
“D-type” boilered ships, launched 
in 1935, to the Mariner Class, 
newest and fastest 

cargo vessels under 

the American flag, 

Foster Wheeler has led 

the way in improving 

the design and construction 


of steam generating equipment. 


FOSTER WHEELER CORPORATION 
165 BROADWAY, NEW YORK 6, N. Y. 


e Sectional view of the Mariner 
Class steam generator. 


i 
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FOSTER WHEELER 


ADVERTISEMENTS 


THE VESSEL” 


Worthington Equipment 
Is Outstandingly Rugged, 
Dependable and Economical 


Compressors 
Diesel Engines 
Turbines & Turbo-Generator Sets 


Centrifugal, Steam, Power, 
Vertical Turbine & Rotary Pumps 


Condensers, Ejectors & Deaerating 
Water Heaters 
Air Conditioning 
& Refrigerating Equipment 


Liquid Meters 


For details proving “there’s more worth 
in Worthington,” contact Worthington 
Corporation, formerly Worthington 
Pump & Machinery Corporation, Marine 
Division, Harrison, N. J. 


WORTHINGTON 


World's Broadest Line of 
Engine Room Auxiliaries 
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ADVERTISEMENTS XXili 


G-E DRIVES CUT COSTS 
FOR NORFOLK FERRIES 


In about 21% years of operation, the municipally owned Norfolk 
County Ferries has found its modern diesel-electric ferries, 
Norfolk County and City of Portsmouth, are approximately 20 
to 25 percent cheaper to run than the coal-burning ferries they 
replaced. These vessels operate 8 to 24 hours daily at an average 
speed of 11-12 knots. Low maintenance, better maneuverability, 
easy control, high efficiency, cleanliness, and quick starting are 
other features of G-E drives that have proved popular at Norfolk 
County. The decision to use G-E diesel-electric drives in the 
new boats was based on Norfolk County’s experience with 
the G-E drive on the 19-year-old City of Norfolk which has 
operated successfully for more than 500,000 miles. General 
Electric Company, Schenectady 5, N. Y. 


200-89D 


_ You can put your confidence in— _ 
GENERAL ($6) ELECTRIC 


Photograph courtesy of Cummins Engine Company, Inc., Columbus, Indianz 


Tire-shaped rubber packing rings for cylinder liners in 
Cummins diesel engines are small but important. They 
provide a seal between oil and water — a seal that must be 
perfect whether the engine is cold or operating at high 
temperatures. Moreover, these rubber rings must stand up 
for at least the equivalent of 100,000 miles of operation. 

These severe operating requiremen‘s presentcd a rubber 
;vobiem with exacting specifications. Resistance to sustained 
heai. Controlled swell in oil. Exceptional compression quality. 
Precision tolerances. 

The successful solution of this problem is typical of the 
“service in rubber’ offered by Continental. 

When you need rubber parts, why not enlist the assistance 
of specialists? 
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Yt ¥ AM S.A. 


U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER 
SEVENTY-FIVE YEARS HAS BEEN THE Navy’s Forum. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip— 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


SECRETARY—T REASURER 
U. S. NAVAL INSTITUTE 
ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute . 
and enclose $3.00 in payment of dues for the first year to begin 
with the. i2c2-.2:.- issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy. I am a citizen of the United States and 
understand that members are liable for dues until the date of 
receipt of their written resignations. 


APPLICATION FOR MEMBERSHIP 
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ADVERTISEMENTS 


BETHLEHEM STEEL COMPANY 


Shipels De, 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


SHIPBUILDING YARDS 


QUINCY YARD 
Quincy, Mass. 


STATEN ISLAND YARD 
Staten Island, N. Y. 


BETHLEHEM-SPARROWS POINT 


SHIPYARD, INC. 
Sparrows Point, Md. 


BEAUMONT YARD 
Beaumont, Texas 


SAN FRANCISCO YARD 
San Francisco, Calif. 


SAN PEDRO YARD 
Terminal Island, Calif. 


SHIP REPAIR YARDS 


BOSTON HARBOR 
Boston Yard 


NEW YORK HARBOR 
Brooklyn 27th Street Yard 
Brooklyn 56th Street Yard 

Hoboken Yard 

Staten Island Yard 


BALTIMORE HARBOR 
Baltimore Yard 


GULF COAST 


Beaumont Yard 
(Beaumont, Texas) 


3AN FRANCISCO HARBOR 
San Francisco Yard 


SAN PEDRO HARBOR 
(Port of Los Angeles) 


San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding and ship repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Steel Corporation 
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ADVERTISEMENTS XXvii 


Worldwide Experience 


in Communications Research and Manufacture 


— in the Service of America 


While |. T. & T.'s associate companies 
abroad are contributing to the re- 
habilitation and expansion of com- 
munications in nations ravaged by the 
war, the technical skills of the System 
affiliates in this country are devoted 
largely to the service of the United 
States. Its American research unit, 
Federal Telecommunication Laborato- 
ries—with its unique experimental tower 
—and the factories of the Federal 
Telephone and Radio Corporation 
are united in a productive partner- 
ship dedicated to the achievement of 
better communications for the nation. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 


U. S. Manufacturing Subsidiaries—Federal Telephone and Radio Corporation 
Capehart-Farnsworth Corporation 


U. S. Research Unit—Federal Telecommunication Laboratories 
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The vast experience of Ward Leonard includes 
the entire period of the application of elec- 
tricity. Every item in the line of Ward Leonard 
controls is a product of sound engineering, 
practical designing and careful manufacture 

. each planned to meet a specific set of 
conditions ... 


Resistors . . Rheostats . . Relays . . Contactors 
Motor Starters ... Controllers . . . Dimmers. 


ELECTRIC CONTROL DEVICES SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


MOUNT VERNON NEW YORK 


TURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 
P. O. BOX 1200 HARTFORD 1, CONNECTICUT 


T-1190 
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Official U.S. Navy Photograph 


“UNFINISHED BUSINESS” at Electric Boat 


Research and development never cease at Elec- 
tric Boat Company. New designs, better mate- 
rials, more efficient methods are constantly being 
put to the test. 

A result of this continuing program is PT 809, 
shown above. A prototype still in the experi- 
mental stage, she is of all-aluminum construc- 


tion, 98 ft. l.o.a.—a sharp departure from the 
80 ft., mahogany-hull Elco PTs of World War 
II fame. 

Many other dramatic developments are taking 
place at Electric Boat, where we are devoting 
our energies to perfecting advanced naval craft 
and airplanes for our country’s defense. 


ELECTRIC BOAT COMPANY 


Submarines and PT Boats — Groton, Connecticut 


NEW YORK OFFICE 
445 Park Avenue 
New York, N. Y. 


ELECTRO DYNAMIC DIVISION 
Electric Motors & Generators 
Bayonne, N. J. 


CANADAIR LIMITED 
Aircraft 
Montreal, Canada 


WHEREVER 


THERE'S A COOPER-BESSEMER 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense, Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience, This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 
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XXX ADVERTISEMENTS 


depen r 
in Raytheon equipment. 
R THEON 
MANUFACTURING COMPANY 

Equipment Sales 
54, Massachuse 
TO THE ARMED SERVICES 


# Reg. U.S. Pat. OF Dept. 6470-JA 


equipment. 


n is proud to be “con- 
to Armed Services 


KINGSBURY 
THRUST BEARINGS 


Preferred through two World Wars for their 
dependability under difficult loads and speeds. 
Each ship of ''Missouri'’ Class has 


36 Kingsbury Bearings, including the 
four main thrusts. 


Kingsbury Machine Works, Inc. 


Philadelphia 24, Pa. 


Raytheon is There! 
3 e: 
f 
‘ 
HEREVER ships and will spare no effort to de- 
sail, in peace OF in war, build, and improve its 
- Raytheon is there serving the roducts so that U. S. Services 
: Navy with radar, submarine sig- e- 
nalling and sound detection de- 
m vicesand Fathometer* sounding : 
wer 
7 
| 


ADVERTISEMENTS Xxxi 


LIDGERWOOD 


Established 1873 


DESIGNERS and BUILDERS OF WORLD'S LARGEST 
and MOST POWERFUL ELECTRO-HYDRAULIC 
STEERING GEARS. 

Furnished For: 
S. S. "UNITED STATES" 
S. S. "AMERICA" 


U. S. "IOWA" CLASS BATTLESHIPS 


Exclusive Licensee in U. S. for 
DENNY-BROWN SHIP STABILIZERS 


DESIGNERS and BUILDERS OF EVERY TYPE AND SIZE OF 


STEERING AND DECK MACHINERY 


LIDGERWOOD INDUSTRIES, INC. 


7 Dey Street New York 7, N. Y. 


XXXli ADVERTISEMENTS 


All types of deck covering 


except wood — for EVERY SELBY 


type of ship—sprayed BATTERSBY & CO. 


asbestos insulation. 


SELBY, BATTERSBY & CO. 
PROVEN IN THE SERVICE 


For 60 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 

dependable control to all departments of the United States government. Built to 

specifications . . . backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 


Motor Control for Every Service, Ventilating Fans, Pumps, Cargo Winches. Capstans, 
Windlasses, Laun Machines, etc. 


Magnetic Brakes, Cul LER: HA M ME RR Pressure Regulators, 

Motor Operators for Valves, — Magnetic Clutches, 

Limit Switches, { Watertight Door Control, 
Pushbuttons 


Solenoids, Rheostats, 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, WIS. 
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ADVERTISEMENTS XXXIiil 


\ 
WASHINGTON’S 


OLDEST 

COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 


Each Lanman Engraving is 
engineered from a blueprint 
of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanmant 


ENGRAVING COMPANY 


943 NAVAL VESSELS 
FROM DESTROYER TO BATTLESHIP 
NOW USE OR HAVE ON ORDER 
DIAMOND SOOT BLOWERS 
DIAMOND POWER SPECIALTY CORP. Detroit, Michigan: 

ENGINEERED ENGRAVINGS 
Ss 


TEAR OUT, FILL IN THE TWO BLANK SPACES 
SIGN AND MAIL TO: 


Secretary-Treasurer 

The American Society of Naval Engineers, Inc. 
e 605 F St., N. W. 

Washington 4, D. C. 


I would like to see an article in the Journat of the following 
subject: 


I suggest that- 


could prepare an 


authoritative article on the above subject. 


Member 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine 
Corps and Coast Guard of the United States; warrant and ex-warrant 
officers of the regular Navy, Coast Guard and Marine Corps of the United 
States; reserve commissioned and warrant officers of the Navy, Coast Guard 
and Marine Corps of the United States shall be eligible as Naval Members. 
Persons eligible as naval members shall be admitted upon application and 
payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they 
can cooperate with Naval engineers in the promotion of professional knowl- 
edge may be eligible as civil members. They shall have been in the active 
practice of an engineering profession for at least eight years and in re- 
sponsible charge of important work for five years, and shall be qualified to 
design as well as to direct engineering work. Fulfilling the duties of a 
professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering 
of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as civil members may be admitted upon 
application and payment of annual dues, provided that the application is 
accompanied by the recommendation of two members and provided that 
the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who 
are especially interested in naval matters or the merchant marine may be 
eligible as associate members. Commissioned officers of the United States 
Army and of foreign military and naval services may be eligible as associate 
members. Persons eligible to associate membership may be admitted upon 
application and payment of annual dues, provided the application have the 
recommendation of a member and provided the application shall receive the 
approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and 
military services, the recommendation of a member will not be required 


Associate members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $7.50 payable on 1 January in advance 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Date 


I hereby make application for membership* in the American 
Society of Naval Engineers and submit the following information: 


For Naval Membership 


(First) (Middle) (Last) 


Rank. Wer 


Business connection and position, if any 


For Civil Membership 
(First) (Middle) (Last) 


Name 


Years in responsible charge of important work 


Present business connection and position. 


Recommended by (two members) 


For Associate Membership 
(First) (Middle) (Last) 


Name 

Rank, if Commissioned Officer of 
U. S. Army or of foreign mili- 
tary or Naval service 


Business connection and position... 


Recommended by (one member) __ 


Signature of Applicant 
Address for Journal and Mail 


MAIL TO SECRETARY-TREASURER : 
THe American Soctety oF Navat Encrneers, INC. 
605 F St., N. W., Wasuincton 4, D. C. ; 


*See reverse side for required qualifications for various classes of membership 


‘ 
‘ 
é 
a 
ae 
- 
¢ 
4 
° } 
i 
: ° 
i: A 
‘ 3 
‘ 
psi, 
‘ 
sf 
a 


SECRETARIES OF THE SOCIETY 


Current: 
Captain J. E. Hamitton, U. S. Navy, Retired 
Past Secretaries: 


1889 P.A. Engineer R. S. Grirrtn, U. S. Na 
1890 Assistant Engineer W. M. S. Navy 
1891 _ Assistant Engineer Emit Tuetss, U. S. Navy 
1892-93 P. A. Engineer W. M. McFartanp, U. S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U. S. Navy 
1896-97 P. A. Engineer F. C. Birc, U. S. Navy 
1898 P.A. Engineer W. M. McFarzanp, U. S. Navy 
Chief Engineer A. B. Wiitits, U. S. Navy 
Lt. Comdr. A. B. Wits, U. S. Navy 
Lieutenant B. C. Bryan, U. S. Navy 
Lieutenant C. W. Dyson, U. S. Navy 
Lt. Comdr. Joun R. Epwarps, U. S. Navy 
Lieutenant M. E. Reep, U. S. Navy 
Lieutenant W. W. Wuite, U. S. Navy 
Lieutenant C. K. Mattory, U. S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U. S. Navy 
1909-10 Lieutenant H. C. Drncer, U. S. Navy 
1911 Commander U. T. Hotmes, U. S. Navy 
1912 Joun Hattican, Navy 
Lt. Comdr, E. L. Bennett, U. S. Navy 
1913 Lieutenant O. L. Cox, U. S. Navy 
1914 Lt. Comdr. H. C. Dincer, U. S. Navy 
1915-16 Lieutenant A. T. Courcn, U.S. Navy 
1917 Lt. Comdr. J. O. Ricnarpson, U. S. Navy 
Lt. Comdr. F. W. Srertine, U. S. Navy, Retired 
1918 Lt. Comdr. F. W. Srertine, U.S. Navy, Retired 
1919 te Comdr. F. W. Sterttne, U. S. Navy, Retired 
Commander J. S. Evans, U. S. Navy 
1920 Commander J. S. Evans, U. S. Navy 
1921 Commander J. S. Evans, U. S. Navy 
Commander S. M. Rostnson, U. S. Navy 
1922-23 Commander S. M. Rosrnson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
Commander A. M. Cuartton, U. S. Navy 
Commander H. B. Hirp, U. S. Navy 
1928 {Commander H. B. Hirp, U. S. Navy 
Captain O. L. Cox, U. S. Navy 
1929-30 Commander H. T. Smita, U. S. Navy 
1931 Captain O. L. Cox, U. S. Navy 
1932. Commander H. F. D. Davis, U. S. Navy 
1933-34 Commander H. B. Hiro, U. S. Navy 
1935 Commander C. S. Grttetre, U. S. Navy 
1936 {Commander C. S. Gittette, U. S. Navy 
?Commander Rocrr W. Parneg, U. S. Navy 
1937. Commander Rocer W. Parne, U. S. Navy 
1938 (Commander Rocer W. Patne, U. S. Navy 
ULt. Comdr. Guy Cuapwick, U. S. Navy 
1939-40 Lt. Comdr. Guy Cuapwick, U. S. Navy 
1940-44 Captain J. E. Hamitton, U. S. Navy 
1945 Commander R. T. SUTHERLAND, Jr., U. S. Navy 
1945-48 Captain F. W. Watton, U. S. Navy 
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